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Ex Africa semper aliquid novi 


ADVANCES in the design of weapons and methods 
of treatment, none of them revolutionary, have 
during the past quarter of a century produced a 
new set of circumstances the effects of which upon 
war surgery can only be decided by experience. 
Till the middle of 1943 the campaigns in Africa 
provided the chief testing ground for modern 
mechanized warfare under conditions of un- 
restricted movement. Each campaign produced 
anew set of circumstances—a fresh terrain, a 
different preponderance of weapons, different 
speeds of movement, new supply difficulties— 
and each put a fresh problem before the surgical 
services, whose aim to provide the best possible 
is entirely governed by those circumstances. 
‘Best’ is an ideal state, whereas ‘ possible’ is 
arigid limiting condition ; a surgeon at hand in 
the bush is worth two in Nairobi, and a simple 
method that can be applied in the Libyan desert 
succeeds where a better but more elaborate one 
is cut out by supply difficulties. Simplicity is 
something new in a surgical outlook that has 
become progressively elaborate. Pliny’s phrase, 
which is the motto of the East Africa Medical 
Corps, has re-proved its truth in World War II. 

An outline of the conditions prevailing on 
each front will give some indication of the con- 
stantly changing picture, and emphasizes the need 
to avoid any crystallized outlook in the surgery 
of modern warfare. It is necessary to learn by 
experience, but it is wise to remember that the 
lessons of experience apply only to the circum- 
stances in which that experience was gained, so 
that fresh factors may render them invalid. 
Knowledge is filed experience; wisdom is 
experience filed on the loose-leaf system. 

The campaign in Abyssinia was characterized 
by distance and transport difficulties. In two 
months a force made up of about 20 per cent 
South Africans and 80 per cent Native Troops 
defeated an army five times as large and far better 
quipped with guns and armoured fighting 
Vehicles, and fought its way over some of the 
Most difficult country in the world, the first half 
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a nearly waterless desert, the second half moun- 
tain ranges, lakes, and precipitous gorges. Roads 
were rough and often interrupted for days at a 
time by floods or military operations, for the 
opposing native levies were dispersed rather than 
defeated by battle, and retired to the hills to 
carry on their interrupted tribal feuds with 
tommy-guns in place of spears, and to raid 
passing convoys when it seemed profitable. to 
do so. Medical units were strung out over long 
lines of communication, and in the process were 
split into small isolated bodies. Each company 
of a Field Ambulance might act as an independent 
hospital, separated from Headquarters by a two- 
days’ journey. The Casualty Clearing Stations 
were often 300 miles behind. Each group, 
front or back, had to do its own surgery, for 
casualties due to the fine careless rapture with 
which the African handles firearms and the motor- 
car exceeded those due to enemy action in the 
proportion of four to one throughout the cam- 
paign. 

Mobile surgical teams were out of the question 
when a journey of fifty miles might mean a week’s 
travel and the risk of ambush, and supplies 
arrived irregularly. Plasma, though available at 
the advanced base port of Mogadisciu, could 
rarely be got to the forward units. These were 
the difficulties. On the other hand, casualties 
were never high enough to overwhelm the 
Surgical Groups. Air attack was unknown, 
buildings were usually available for hospitals, 
and the hazards of transport meant that the 
patient commonly. remained under the care of 
one surgeon till he was convalescent. 

The Western Desert is, like Abyssinia, a vast 
country with long distances, but there the resem- 
blance ceases. In place of high ridges, separated 
by lakes and torrents, there is an undulating 
surface that is sandy in places only. Between 
the harbours of Alexandria in the East and Tripoli 
in the West, there is one road, three poor ports, 
and no water. To the south are stretches of 
firm shingle, rock, or caked dust, over which 
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vehicles of any kind can move in any direction, 
at any speed, and for distances limited only by 
their supplies of petrol and water and by the 
opposition of the enemy. Here for two years 
was waged a warfare much nearer to that at sea 
than on land. Fast squadrons of armoured 
vehicles moved about like fleets on a terrestrial 
ocean, steering by compass or by navigation marks 
previously placed rather than by any natural 
features. There was no line and no limit. The 
fighting might move fifty miles a day in either 
direction, and the surgical services had to be 
equally mobile. 

To them this was a time of long distances, 
swift travel, and short supplies. A few para- 
graphs from a report by Lieutenant-Colonel 
Robert J. Kellar, M.B.E., then Surgeon to 15 
Casualty Clearing Station, will serve to depict 
the period: “ On the day that Rommel attacked 
(March, 1940), aman wounded at Fort Agheila had 
to travel some sixty miles before he reached the 
Main Dressing Station of the single Light Field 
Ambulance which had to serve the Second 
Armoured Division. He then had to travel another 
sixty to reach our little surgical post, and a further 
fifty to Benghazi, where he spent the night before 
proceeding to Barce. ... Our mobility was 
great. For instance, we moved and worked ten 
times during fourteen days without exhausting 
our personnel during the advance from Tobruk 
to Antelat. We spent the hours of darkness 
operating on the worst cases before moving on 
next day, leaving them in charge of a detachment 
of the Light Field Ambulance. This was due 
to the presence of the technical vehicles. To 
brush out the sand and light the primuses was 
the work of minutes. 
first light moves, packing was just as easily accom- 
plished. The work we did at this time would 
have been impossible with tented equipment. 
.. . At no time was our work interfered with 
by the lack of water, but it was rarely abundant 
unless there had been a lucky find of a well or a 
partially filled bir. The various sterilizers carried 
by a surgical team use water with incredible speed, 
and this is unavoidable. But every member of 
the team made it his business to conserve every 
drop of water, fresh and dirty. Water that has 
been used for washing the hands can easily be 
filtered and used for washing towels, and the 
final awful dregs for the radiators. The launder- 
ing of operation towels usually consisted in remov- 
ing the more obvious blood-stains, drying 
thoroughly in the desert sun, and then re-steril- 
izing.” 

With the retreat to Alamein, in July, 1942, a 
new phase of desert warfare began. Behind a 
fixed line that could not be turned, modern tanks 
and powerful anti-tank weapons were accumu- 
lated. At the Battle of Alem Halfa, on Aug. 31, 


when Rommel’s attack was smashed, and its 
sequel, the Battle of Alamein, on Oct. 23, the 
tank passed from being the all-powerful master 
of the modern battlefield to the hunted monster, 
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powerless against a prepared defence and helpless 
against attack by the newest weapons. 

As the fighting became less fluid, safety came 
to lie in concealment rather than in speed. The 
Eighth Army before Alamein was a ghost army, 
The troops and units were everywhere, yet 
nowhere obvious. The visitor could not move 
two hundred yards in any direction without 
finding something—a tent, a lorry, an office van, 
with its wireless mast and clicking typewriters, 
and ambulance, a tank, a gun, yet he never found 
two of anything within a hundred yards of each 
other. Everything likely to remain more than a 
day was dug down two feet, and vehicles or guns 
all had their screen of camouflage netting over 
them. Dispersal was equally necessary in medical 
units at a time when every day brought dive- 
bombers and every night their larger friends from 
Crete. A Casualty Clearing Station might be 
spread over a square mile of sand. Its three 
operating units would be several hundred yards 
apart, and equally separated from the X-ray van 
and the resuscitation tent. Under such condi- 
tions the disadvantages of the operating lorry 
became manifest. It is conspicuous from the 
air, it is hard to black out without making it stuffy, 
and it has room for only one patient at a time— 
a serious disadvantage when each man has to be 
carried several hundred yards in the dark with 
planes overhead and slit trenches on every side. 
Worst of all the floor is three feet above the ground 
and, when scatter bombs are being dropped 
around, this small elevation gives the occupants 
of the theatre the disturbing sensation of being 
the sole and selected target of the whole German 
Air Force. 

Six months later the picture had again changed 
completely. The Eighth Army Medical Services 
were still tented and in the desert, but air superior- 
ity was now complete. The roads were packed 
with lorries bringing up supplies unmolested. 
The day skies were free from hostile aircraft, 
and even at night enemy bombers were rare. 
The forward operating groups could be arranged 
for through traffic and maximum efficiency. 
The pre-operative ward was linked to the X-ray 
tent and the grouped theatres of the teams, and 
the post-operative wards were close at hand, 
tents brigaded to form a unit of the necessary 
size. Such a surgical group is not merely 
efficient, but, since it can be reproduced exactly 
on each fresh site, it allows a perfection of drill 
in the handling of large convoys that cannot be 
attained in buildings hastily taken over. 

An account of the conditions under which 
African war surgery was done would be incom- 
plete without mention of Malta. On the island 
patients were wounded within a short distance 
of one of a group of first-class hospitals, and 
reached the surgeon within two hours. The 
three factors which keep the forward surgery of 
an army to bedrock simplicity—the variable 
time-lag, the lack of supplies and refinements, 
and the need for early evacuation—were all absent, 
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and the surgery was nearer to that of the indus- 
trial accidents of peace-time, or of air-raid 
casualties in England. Methods, such as the 
primary suture of amputation stumps, which 
would be criminal in the field, were rightly 
undertaken in Malta. 


ESSENTIALS OF FIELD SURGERY 


Surgical methods in field units will vary, as 
has already been pointed out, with the features 
of any particular campaign ; nevertheless, there 
are certain factors common to all operations in 
an army zone which will keep these variations 
within definite limits. The need to appreciate 
these factors, and to work within the limits they 
impose, is one of the lessons that the expert 
surgeon is often slow to learn when he first comes 
to a theatre of war. 

Firstly, military surgery is part of the art of 
war, and field surgery is part of the organization 
of an army. The primary surgery of wounds 
must be made as good as possible, because upon 
its quality the success of all that follows will 
depend, but if it is allowed to interfere with 
military efficiency, the lives of the well and the 
wounded are risked alike. In modern war 
efficiency means speed, simplicity, and conceal- 
ment. At static periods an elaborate surgical 
unit is conspicuous from the air and betrays an 
expectation of casualties and, therefore, prepara- 
tion for an attack. At times of movement, 
particularly when a victorious army is rushing 
forward to make a defeat decisive, every tyre 
that can be kept off the road and every gallon of 
petrol that can be saved for tanks is of decisive 
importance. Forward surgery must, therefore, 
be simple or it will not be forward. 

Secondly, forward surgical methods must be 
standardized to some extent to guard against 
known dangers and to conform with supply 
problems. The forward surgeon must retain 
his individuality and his responsibility ; but he 
cannot be allowed to douche out wounds with 
gallons of lotion when the soldier is fighting on 
six pints a day, to use dressings or plaster in 
quantities that will soon exhaust the advanced 
depots, or to indent for any sulpha drug that 
takes his fancy. 

Thirdly, forward surgery in most campaigns 
is only one step in a line of treatment the 
subsequent steps of which are not under the control 
ofthe original surgeon. Ina traumatic hospital in 
peace-time, or in the treatment of casualties in 
a command like Malta, the surgeon is able to 
choose a method designed to give the best results, 
because he can keep the patient under his care, 
can counteract dangers as they arise, and can 
learn by observation. In a battle, where the 
patient will be evacuated shortly after operation 
on an unknown journey and to an unknown 
destination, the forward surgeon must do, not 
What he thinks will give the best results, but 
What he knows will avoid the worst dangers. 
Three examples of the way in which these factors 
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have influenced surgical methods in the desert 
may be cited :— 

1. The treatment of burns by tannic acid 
may, or may not, be sound, but it is only satis- 
factory when the surface to be tanned is first 
carefully cleansed under anesthesia. In the 
desert proper cleansing was prohibited by shortage 
of water, shortage of sterile materials, the frequent 
dust storms, and the risks of prolonged anesthesia 
in a shocked patient. Tanned burns arrived at 
the Base with a thick crust of dirt, sand, epithelial 
débris, and tannic coagulum, beneath which pus 
had accumulated; those treated with triple 
dye were worse, for the crust was thicker.and the 
pus more profuse. The standard method adopted 
was to frost the burned surface with sulphanil- 
amide powder after very little local preparation, 
to cover the area with a sheet of vaseline gauze, 
to wrap the part in a single layer of wool, and to 
immobilize it by a plaster slab. This method 
was not necessarily the best, but it appeared to 
be the best possible under a given set of conditions. 
Pressure dressings have proved their worth in 
the treatment of severe burns in civil practice ; 
but it is doubtful whether the copious materials 
the method requires could be carried by a unit 
stripped to fighting weight, or whether a limb 
so thickly and so firmly wrapped could stand the 
frequent jolts and changes of position unavoid- 
able in a journey over the desert without suffering 
the effects of regional constriction. 

2. The primary suture of wounds is per- 
missible when the surgeon considers that infection 
is minimal or absent, and when he is able to watch 
the case and remove the stitches at the first sign 
of danger. In forward surgery it is criminal 
folly. Suture prevents discharge and allows 
tension in the deeper parts, and a degree of 
infection that in an open wound might have been 
harmless, may develop into a dangerous cellulitis 
or even gangrene before the patient reaches the 
next hospital. This should be known. 

Yet even as late as August, 1943, surgeons 
newly arrived in the Mediterranean were suturing 
wounds. 

3. The closed plaster method of wound 
treatment, again, is excellent under certain condi- 
tions. In Abyssinia and in Malta, where the 
patients,remained in hospital after the application 
of the plaster, it was found the best method of 
treatment in wounds of the limbs. As a primary 
method in desert warfare it proved unsatisfactory, 
even dangerous. When a close-fitting plaster 
case is applied to a recently wounded limb and 
the man is sent shortly afterwards on a: rough 
journey—an ambulance ride over a desert track 
or a stormy sea voyage—hzmorrhages and minor 
degrees of swelling are apt to appear which first 
obstruct the venous return and rapidly block the 
whole circulation of the limb. Padded plaster 
splints or a combination of plaster with a skeletal 
splint were found the most satisfactory means of 
immobilizing injuries of the limbs for transport. 
The closed plaster method came into its own 
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again at the Base, particularly for injuries below 
_ the knees. 


THE FIELD SURGICAL UNIT 


That the primary treatment of wounds is the 
most important part of war surgery needs no 
emphasis. If the forward surgery is good and 





Fic. 285.—The transport and operating tent of 
No. 6 F.S.U. in Tripolitania. 


early, lives will be saved, limbs will be preserved, 
suffering will be minimized, and the work of the 
specialist and reparative surgical units at the 
Base and in the Home countries will be simplified. 
If it is bad or late, no amount of skill afterwards 
can make amends. The key problem of surgical 
organization is thus to make the forward surgery 
as good as possible, or viewed from another angle, 
to put good surgery as far forward as possible. 

The farthest point forward for surgery, other 
than mere life-saving expedients, is where the 
minimum essentials of shelter, light, simple 
equipment, and temporary security from attack 
and sudden movement can be assured. In the 
last war this point was on a fairly stable zone 
some fifteen miles from the line, and there the 
Casualty Clearing Stations were placed and 
developed into admirable advanced surgical 
units. In modern war there is no real line and 
little stability, and the Casualty Clearing Station 
has proved too cumbersome to serve the purposes 





Fic. 286.—Post-operative care at its best; a ward 
in No. 1 N.Z. C.C.S., near Sfax. 


of forward surgery except during periods of 
arrested movement, as before strongly defended 
positions. 

In Abyssinia the South African and several 
of the Colonial Field Ambulances were on a 
higher establishment, each company being 
equipped to act as a separate surgical group. 
Here the chief need was to post reliable young 
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surgeons to these units. In the Western Desert, 
where the Field Ambulances were mobile collect- 
ing units and the Casualty Clearing Stations 
movable but not mobile Field Hospitals, where 
the ground of manceuvre was unlimited, and the 
enemy courageous and resourceful, the need for a 
surgical group that could be moved antero- 
posteriorly or laterally, and attached to Field 
Ambulance or Casualty Clearing Station as need 
arose, became apparent. 

From the experience of Wavell’s first campaign, 
when the old team of surgeon, anesthetist, and 
theatre assistant, with a set of general instruments, 
found itself handicapped by lack of movement 
with a Casualty Clearing Station, and by lack of 
supplies with a Field Ambulance, was evolved 
the Middle East Field Surgical Unit, a small 
independent and highly mobile body consisting 
of a surgeon, an anesthetist, and seven other 
ranks, two of whom are drivers, moving with its 
own transport and carrying a simple outfit for 
major surgery of every kind.* The operating 





287.—Evacuation at a forward operating 
group, working at an M.D.S. 


FIG. 


accommodation consists of one E.P.I.P. tent, 
18 ft. by 16 ft., with a small tent let into one 
side as a sterilizing annexe, and the whole unit, 
with its equipment and enough sterile materials 
to operate on a hundred casualties, is carried in 
one 3-ton truck and one 15-cwt. truck (Fig. 285). 
These units formed a fluid surgical reserve admir- 
ably suited to the varying needs of desert warfare. 
On an independent sweep by an Armoured 
Division, one Field Surgical Unit might be 
attached to a Light Field Ambulance; such an 
arrangement was far from ideal, for the capacities 
of a single surgeon are soon exhausted, and a 
Light Ambulance is not fitted for holding or 
nursing serious cases, but it was the best that 
could be provided for raids of this kind. A 
light yet efficient advanced operating centre could 
be formed by grouping two Field Surgical Units 
with one Field Transfusion Unit at the Main 
Dressing Station of a Heavy Field Ambulance 
(Fig. 287), to which twenty beds were loaned from 





_* The development of mobile surgery in the 
Libyan Campagain was the work of Major-General 
D. C. Monro. 
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a Casualty Clearing Station. The Transfusion 
Officer supplied the blood and plasma and 
superintended the sorting and care of the patients 
in the pre-and post-operative wards, while the 
surgeons worked in turns round the clock, or 
simultaneously for rush periods. On a fixed line 
the Field Surgical Units would be attached to 
grouped Casualty Clearing Station and detached 
again as the situation changed. 

These surgical units, the men who manned 
them, the Transfusion Units who accompanied 
them, and the administrative officers who placed 
them, gave admirable service. Through their 
agency the wounded men of the Eighth Army 
were better cared for than any fighting men in 
the history of war, and the morale of that un- 
equalled band of warriors was in some measure 
due to the fact that every man knew that should 
he be hit he would not die if surgery could save 
him. To one who saw the wonders they per- 
formed, it is doubtful whether the larger and 
heavier unit which has been designed to succeed 
them could have followed the changing picture 
of desert warfare with the same agility or rendered 
the same unfailing service. 


SURGICAL METHODS 


Throughout the Desert campaign methods 
changed and results improved. The teachings 
of the last war and of air-raid practice in Great 
Britain, which are based upon surgery in the pre- 
infective period, had to be reconsidered in view 
of the considerable time-lag—averaging some 
20 to 24 hours—that is inevitable in a war of 
movement. The primary suture of chest and 
face wounds, for instance, proved unwise, and 
these were dealt with in the Forward Units on a 
life-saving basis only, and transferred to the Base 
for specialist operations. On the whole, it seems 
clear, speaking only on the experience of three 
years fighting in Africa, that the lot of the 
wounded man in this war is better than that of 
his father ; his suffering is less and his chances 
of survival, and, more important, of useful 
survival, is greater. The causes for this are 
many, and it is difficult to assign to each its 
relative importance ; they can only be enumer- 
ated, and some of them discussed more fully. 

First, the soldier of to-day is a fitter man than 
his father. He has grown up under better social, 
economic, and nutritional conditions, and he has 
been housed and fed better during training. 
Secondly, he fights in better conditions. Mechan- 
zed war has meant that the soldier usually goes 
into action in fairly clean clothes, quickly, and 
without previous exhaustion. Thirdly, the soil 
in Africa has been relatively free from pathogenic 
Organisms, and there has been little mud to cake 
the men’s clothes. Fourthly, resuscitation is 
better than in the last war, and few men die from 
hemorrhage or shock once they have reached a 
battalion aid post. Fifthly, the sulpha drugs 
have banished the worst dangers of infection. 
Sixthly, methods of immobilization are better 
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understood and more uniformly applied. Lastly, 
transport is better. The sifting and handling of 
the wounded forward goes smoothly and special 
cases can be got into the hands of expert teams 
without delay. 


RESUSCITATION 


Resuscitation as practised to-day is a science 
that was unknown in the last war—indeed, at 
the beginning of this one. In 1918 a transfusion 
of 2 or at most 3 pints was considered adequate, 
and if the patient did not recover after this 
amount, ‘ irreversible shock ’ or some unexplained 
toxic process was blamed for his failure to 
respond. Within the last year blood and plasma 
have been given farther forward, more rapidly, 
and in larger amounts, till the attitude of to-day 
is that no hemorrhage, however profuse, need 
be fatal if the injury from which blood is being 
lost can be repaired, and that no shock is irrever- 
sible if it be put into reverse with sufficient 
energy. A transfusion of 3 pints in the first 
quarter of an hour and of 6 pints in the first hour 
is not unusual. 

For research purposes shock must be defined, 
or observations cannot be compared. For 
stretcher-side medicine it must be de-defined, for, 
to the forward surgeon examining his patient in 
a blacked-out tarpaulin shelter with the aid of a 
pocket torch and the feel of the pulse, shock is 
a condition of collapse following trauma associated 
with lassitude, pallor, a cold clammy skin, and a 
rapid low-pressure pulse. Hemorrhage, crush 
injuries, burns, peritonitis, early gas gangrene, 
may all give an identical clinical picture. It is 
often impossible to tell the cause of collapse or 
to initiate the correct treatment till resuscitation 
has been started. 


Examples —A man with a single wound of the 
buttock was admitted in a state of collapse. He 
complained of no pain and had no abdominal guarding. 
Six hours later, after 3 pints of blood, his condition 
had only slightly improved. Re-examination showed 
hypogastric guarding. At operation he was found to 
have a tear of the rectum and a pelvis full of feces. 


A man with a thigh wound remained in a state of 
shock after 3 pints of blood. The transfusion officer, 
who had worked sixty hours without sleep, examined 
him carefully and went to bed after directing the 
orderly to continue the transfusions. By the next 
morning he had had 9g pints of blood and his thigh 
showed unmistakable gas gangrene. 

A man with a transverse wound of the lower 
abdomen arrived too collapsed for any surgery. After 
being given 3 pints it was clear that the blood was 
merely pouring into his abdominal cavity. He was 
taken to the theatre with a transfusion running and 
was found to be bleeding from four torn mesen- 
teric vessels and one in the bladder. 


Continuing shock in spite of transfusion has 
a continuing cause, and the remedy is probably 
surgical. It is folly to divorce resuscitation from 
surgery, or to contemplate the establishment of a 
forward centre for the treatment of shock alone. 
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An indication of the increasing scope of 
resuscitation during the more recent battles in 
the Western Desert is given in the following 
figures :-— 























AMOUNT OF FLUIDS IN PINTS PER 
Batre 100 CASUALTIES 
Plasma Blood Total 
Alamein, Oct., 1942 18 20 | 38 
Mareth, Mar., 1943 20 46 H 66 
Sicily, July, 1943 45 45 | 90 
| | 





It appears, then, that by practical trial a 
working figure has been reached of 100 pints of 
body fluids for every 100 casualties. The pro- 
portion of each will vary with the nature of the 
fighting. Given a free choice and an abundant 
supply of both, transfusion officers tend to use 
24 pints of blood to 1 pint of plasma; in air- 
borne landings, commando raids, and all difficult 
fighting plasma alone can be supplied. 

To-day, when every civilian is plasma con- 
scious, and when every country has its committee 
on blood substitutes, it is necessary to insist that 
the corpuscle is not a mere by-product of a 
plasma factory. There is no blood substitute. 
If a man has lost 4 pints of blood he will probably 
die unless he receives at least I pint in return ; 
if the loss is continuous he will certainly die 
unless he is given blood. 


Examples.—During removal of a foreign body 
from the right side of the neck, a tear of the vertebral 
artery in the foramen of the 6th transverse process 
was uncovered. Hemorrhage, which was torrential, 
was only partly arrested by finger pressure. 
surgeon, working in a pool of blood and amid stained 
tissues, took more than half an hour to isolate and 
ligature the subclavian artery in its first and third 
parts. The patient received 6 pints of blood during 
the operation and 3 pints more during the evening. 

After the closure of several perforations in the 
small intestine, a surgeon incised a retroperitoneal 
hzmatoma, to be met by a fierce gush of blood from 
the left common iliac artery. He plugged the hole, 
ligatured the artery, and, before closing the abdomen, 
divided the lumbar sympathetic chain. The patient 
received 10 pints of blood during and after the opera- 
tion ; he recovered and kept his leg. 


Death from hemorrhage is not the only danger 
that blood can avert. There is increasing evi- 
dence that severe infection is as much the result 
of the blood-loss that allows it as of the bacteria 
that cause it. 

The realization that blood must be used to 
replace blood is one that has come slowly and as 
the result of experience. Every surgeon has 
been taught the value of plasma. I myself came 
to the Middie East after a year’s experience in 
Abyssinia, during which I had preached and 
distributed plasma, believing that plasma was the 
chief need of the forward units. It was only when 


I saw that the men whose hemoglobin had been 
restored early resisted infection better than those 
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who had a normal blood-pressure but a deficient 
cell content, and when I went to Forward Areas 
during battle and appreciated the number of men 
losing blood at a rate far beyond plasma repiace- 
ment who could yet be saved and returned as fit 
soldiers, that I. changed my views, first reluctantly, 
later wholeheartedly. 

The supply of blood to Forward Areas by 
No. 1 Base Transfusion Unit under Colonel 
Buttle has never failed. Special collecting ar- 
rangements were made for major battles, and 
when the Eighth Army advanced into Tunisia a 
detachment of No. 1 Base Transfusion Unit was 
sent to Tripoli to ensure adequate supplies, but 
even rush demands never went unheeded. On 
one occasion the garrison at Tobruk asked for 
250 bottles of blood at once. The message 
reached Cairo at 18.00 hours ; the only ship left 
Alexandria next morning at 11.00 hours. Yet even 
at that late hour Colonel Buttle was able to round 
up and test donors, collect and bottle the blood, 
and send it to Alexandria in time.: 


CHEMOTHERAPY 


That the use of sulphonamides has changed 
the picture of wound infection seems undoubted. 
The wounds are not sterilized. They remain 
bacteriologically infected, and if they have not 
been treated surgically, may present a foul appear- 
ance at the end of a week, but the tissues around 
them remain of normal appearance, the limb is 
comfortable, and the man is well—that is, general 
infection of the patient has been prevented. 

It is difficult to present statistical evidence of 
the value of chemotherapy, but a close approxima- 
tion to an experiment was recorded during the 
Battle of Alamein. At a time when the forward 
surgical units were flooded with work, a batch of 
1400 wounded came through to a group of hospi- 
tals on the Suez Canal. These men had had no 
treatment to their wounds beyond first-aid field 
dressings and the application of splints, but they 
had all been given sulphanilamide by mouth from 
the time they were wounded till their arrival at 
hospital. Of the 1400 only 46 needed surgical 
treatment on arrival. This picture may be com- 
pared with that in March, 1918, when the 
Germans attacked in Flanders and the wounded 
arrived at Rouen without having passed through 
Casualty Clearing Stations ; at that time at least 
one man in three was seriously ill with spreading 
cellulitis or gas gangrene. 

A difficulty in war is to ensure adequate 
administration of the drugs. We have come to 
believe that the local use is not as effective as 
the systemic, except possibly when the infection 
is limited to a surface, as in burns and peritonitis. 
Four-hourly administration, theoretically ideal, 
fails in practice. During evacuation, the time of 
medical officers and orderlies in charge of 4 
convoy is fully taken up with attending to emetf- 
gencies—hemorrhages, possible anaerobic infec- 
tions, tight plasters, burst abdomens, and so on— 
so that patients arrive with many gaps on their 
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sulphonamide cards and little idea as to what drug 
or how much they have had. The twice daily 
method introduced by Colonel Boyd at the 
Battle of Alamein and continued in the Eighth 
Army since has proved admirable. A striking 
label, with morning and evening entries, is tied 
to the clothing of every patient who is put on 
sulphonamide therapy, and twice daily at 08.00 
and 18.00 hours, those wearing these labels are 
given five tablets of sulphanilamide. The merit of 
the method is that it is foolproof—and every over- 
worked man is a temporary fool. As the clock 
strikes eight, whether it be in car, plane, train, or 
ship, the orderly looks up, counts the labels, 
takes five times that number of tablets and deals 
them round. There are no gaps and the method 
works. Colonel Buttle examined the sulphanil- 
amide blood-levels of four volunteers put on this 
régime, and found that in only one did the figure 
drop below 2 mg. between the first and second 
dose, but that thereafter it remained above 
4 mg. in all. 

The only sulphonamides available for surgical 
use in the Middle East were sulphanilamide, 
sulphathiazole, sulphapyridine, sulphadiazine, and 
sulphasuccidine, and the first three alone were in 
sufficient quantities for general distribution. 
Sulphanilamide remained the standard drug for 
forward surgery, both for oral and local use. 
The possible advantages of sulphathiazole and 
sulphapyridine in infections by certain organisms 
were considered to be outweighed by their 
dangers in dehydrated patients—and for purposes 
of forward surgical policy it should be assumed 
that every fighting man is suffering at the time 
he is hit from a dehydration that is liable to in- 
crease for the first few days in spite of efforts to 
correct the fluid balance. Sulphadiazine was 
reserved for the neurosurgical units and for 
abdominal surgery in the Forward Areas, and 
the whole stock of sulphasuccidine was given 
to the rectal centre. 

Penicillin, manufactured locally under the 
stimulus of Major Pulvertaft, was used with 
success in the late treatment of burned surfaces 
and chronic septic wounds. Penicillin extract 
was available only during the trial by Brigadier 
Hugh Cairns and Professor Florey at the time of 
the Sicilian fighting. It was clear to any-observer 
who saw the series treated on that occasion that 
penicillin has brought a new era in the treatment 
of infection. There is no doubt of its value in 
Osteomyelitis, staphylococcal septicemia, and 
foul sloughing wounds. It must, therefore, have 
a great and increasing place in Base Hospital 
work. . 

Its use in forward surgery is limited at present 
by its variable potency, its rapid deterioration at 
Ordinary room temperature, and the need for 
repeated parenteral administration. Here it has 
no advantage over the sulpha drugs unless it 
allows the primary closure of wounds, and it is 
doubtful if this will ever be safe under the condi- 
tions .of forced evacuation prevailing in mobile 
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war. With good forward surgery and sulphon- 
amide therapy, secondary suture of soft-tissue 
wounds is possible in ten to twenty days, and 
healing in two to three weeks. 


GAS GANGRENE 


The added safety and the greatly improved 
results which have followed early and adequate 
resuscitation and the uniform administration of 
sulphonamides to all casualties, have unquestion- 
ably modified surgical technique in the Forward 
Units. Meticulous excision has been replaced by 
a simpler procedure, essentials of which are the 
removal of foreign matter and grossly lacerated 
tissues and the relief of tension throughout the 
wound, so that any accumulation in its deeper 
parts will escape more readily to the surface than 
along muscular planes. This operation, which 
we call ‘wound trimming’, in contrast to 
débridement or wound excision, consists, above 
all, in the incision of skin and fascia along 
anatomical planes to lay all parts of the wound 
open, and a rapid removal of loose tags and 
shreds of muscle, together with foreign bodies. 
The skin edges are left alone. An average 
surgeon can do three wound trimmings in the 
time needed for one débridement. The patients 
lose less blood and take less anesthetic. They 
travel better, and their wounds arrive in as good 
condition. : 

This abandonment of the 1918 methods was 
undoubtedly right in the desert. Will it be 
necessary to return to the older outlook in a 
European theatre of operations? The answer 
lies in the problem of gas gangrene. 

One hundred and sixty-four cases of gas 
gangrene were recorded in the Middle East 
between the beginning of 1940 and Nov. 22, 
1942, with a mortality of 50 per cent. This 
represents an incidence of 0-32 per cent in all 
wounded. Even after allowing for the omission 
of a considerable number during the very mobile 
warfare of the first two years, so that the real 
figure may have been twice as high, this incidence 
must be considered remarkable. If the low 
figure was due to the sterility of the soil, it has 
little bearing on future operations ; if it was, in 
part, the result of modern methods, it carries a 
lesson that cannot be ignored. 

The soil of the desert is in many places 
remarkably free from pathogenic clostridia. 
Nevertheless, the investigations of Major J. D. 
Maclennan, commanding No. 1 Mobile Labora- 
tory (from whose report all the above figures are 
also taken), have shown that about 30 per 
cent of all wounds contain the organisms of gas 
gangrene, yet only 1 per cent of those so 
contaminated develop anaerobic myositis. For 
gas gangrene to develop, three conditions are 
necessary :— 

1. Contamination of the wound by the 
causative anaerobes. 

2. The presence of considerable amounts of 
dead tissue on which they can multiply. 
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3. A deficiency in oxygenation, either local 
or general, allowing them to pass from the dead 
and invade the living tissues. 

There are four main causes of deficient 
oxygenation, which may be found singly or in 
combination :— 

a. Injury of a major artery supplying the part. 

b. Loss of blood, leading to a low hemoglobin 
content. 

c. Tension in the wound, obstructing capillary 
circulation. 

d. The presence of an aerobic infection, 
particularly by streptococci. 

All except the first are remediable surgically, 
and I believe that, given well-trained surgeons 
and an efficient transfusion service, gas gangrene 
need be little more dangerous in European 
operations than it has been in Africa. A chief 
need is to educate all Forward surgeons to recog- 
nize the type of injury in which gas gangrene is 
liable to develop and to diagnose gangrene 
itself on its first appearance. 

On the first count, every surgeon who may be 
called upon to work in Forward Units should 
know that wounds such as a laceration of the calf 
with a ligature of the femoral artery above it, or 
a large wound of the buttock in a man who has 
lost 3 or 4 pints of blood, are very liable indeed 
to develop gas gangrene. He should débride 
these wounds thoroughly, he should leave them 
widely open, he should replace the lost blood 
fully by transfusion, he should give the patient 
a prophylactic dose of anti-gas-gangrene serum, 
and he should affix a striking label to his docu- 
ments, warning all medical officers through 
whose hands he may pass of the danger of gas 
gangrene. 

On the second count, a surgeon should know 
that gas is the least important and a not entirely 
constant feature of gas gangrene. Anaerobic 
cellulitis is four times as common as gas gangrene. 
In this condition the organisms invade connective- 
tissue planes, subcutaneously or between muscles, 
where they produce swelling, some discharge 
of gas, and often staining of the skin. The 
muscle groups are not invaded and the patient, 
though perhaps pyrexial and complaining of some 
discomfort in the limb, is not seriously ill. The 
treatment of this group is immediate relief of 
tension by free incisions to the extent of the 
infection, the administration of serum in full 
doses until the wound is clean, and the correction 
of any blood-loss as before. 

The first warning symptoms of anaerobic 
myositis or true gas gangrene are the sudden 
onset of severe pain in a limb that has hitherto 
been comfortable, and the appearance of a 
copious brown serous discharge in a wound that 
has barely stained the dressings in twenty-four 
hours. With these the onset of the symptoms 
of shock, the detection of a ‘ deadhouse’ smell, 
an increase in the circumference of the limb 
appreciable from half-hour to half-hour, and the 
discovery of a resonant note when the parts are 


JOURNAL OF 





SURGERY 


percussed and a musical hum when the skin js 
scraped, should clinch the diagnosis. The treat- 
ment of gas gangrene is immediate excision of 
all muscle groups. or amputation, whichever 
appears the simpler. Serum and transfusion are 
of even greater importance than in the preceding 
group. 

All reports of fatal cases of gas gangrene have 
been passed on to me by the Deputy Director of 
Pathology, and I have been distressed to find how 
often some blame must lie at the door of the 
surgeon—for his failure to appreciate the danger 
in the first instance, for his failure later to notice 
a rising pulse-rate that has preceded his diagnosis 
by forty-eight hours. I must repeat that where 
blood-loss has been fully compensated in the 
Forward Areas by blood and not by plasma and 
where the primary surgery has been prompt 
and adequate, gas gangrene has been very rare 
indeed. 


HEMORRHAGE 


Hemorrhage from large vessels remains the 
chief cause of death on the field of battle and in 
the collecting posts. Many of these early deaths 
are now saved by massive transfusions, but the 
limb mortality after ligature of main vessels 
remains high. At a surgical conference in Cairo 
in March, 1943, Colonel T. D. M. Stout, Con- 
sultant Surgeon, No. 2 N.Z.E.F., gave it as his 
opinion that the incidence of gangrene after 
ligature of the popliteal artery in the field was 
100 per cent, and of the subsequent speakers only 
two were able to cite instances to the contrary. 
This experience is very different to that recorded 
by Makins, who put the number of limbs lost 
after popliteal ligature in the last war as 41 per 
cent, and is possibly explained by the undoubted 
fact that many more serious injuries now reach 
the operating centres alive. 

As a result of this conference, and the instruc- 
tions sent to Forward Units on the advice of 
Lieut.-Colonel Michael Boyd, who is in charge 
of the centre for vascular injuries, the proportion of 
limbs saved after ligature of main vessels has 
undoubtedly increased. These instructions are 
no more than the attempt to apply to Field Surgery 
the results of clinical and laboratory research, 
and involve three principles : to bring the circula- 
tory system to its maximum efficiency ; to direct 
the blood-current selectively towards the threat- 
ened limb; and to reduce the demand of the 
starved tissues for oxygen to the lowest level 
compatible with survival. The instructions are 
as follows :— 

1. Restore the blood-volume and hemoglobin 
percentage to normal by transfusion. 

2. Inject 250 c.c. of 2 per cent sodium 
chloride into a vein. 

3. Keep the limb below the level of the heart. 

4. Warm the body but keep the threatened 
limb cool by exposing it to the air. ; 

5. Infiltrate the stellate or lumbar ganglia 
with novocain. 
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6. Prior to a secondary operation on an artery, 
as for aneurysm, resect the ganglia. 

We advise against simultaneous ligature of 
the vein, not from unshakable convictions that 
this step is wrong, but believing that the only 
advantage it gives lies in passive congestion of the 
capillary bed, an effect that can be obtained more 
simply by posture. 


BURNS 


In modern mechanized warfare, where petrol 
flows more freely than water, burns form a high 
proportion of the surgical casualties. Exact 
figures are hard to obtain, for some of the worst 
burns die in their. tanks or in advanced dressing 
stations. In one Field Ambulance working with 
an Armoured Brigade during a seven-weeks’ 
battle, there were 58 burns among 2350 casualties, 
or 2*5 per cent. The first accurate figures came 
from Base hospitals. In the year from March, 
1942, to March, 1943, 6293 burns were admitted 
to hospitals in the Middle East, with a mortality 
of 141, Or 2°2 per cent. 

Accidental burns, due chiefly to carelessness 
in the use of petrol for cooking, accounted for 
5§001, or 80 per cent of the total. Battle casualty 
burns, though fewer, are more serious. A serious 
burn is defined in Middle East memoranda as 
a whole-thickness burn involving hands, face, 
flexures, genitals, or more than 10 per cent of 
the body surface. By this standard 40 per cent 
of battle casualty burns, but only 24 per cent of 
accidental burns, are serious. 

The mortality of battle casualty burns is also 
higher, 6°6 per cent as against I-I per cent in the 
accidental group, but the comparison is not 
accurate, since many of the former die of wounds, 
blast, or other injuries received at the time they 
were burnt. This appears when the mortality 
of the slight and severe categories in each case 
is examined :— 

Severe battle casualty burns mortality 7°O per cent 

Severe accidental a pe B30 55 55 


Slight battle casualty _,, re GS ss 9 
Slight accidental He: 99 O16 5, 5 


_ In the treatment of burns there has been an 
increasing tendency to regard the need to combat 
shock as overshadowing the local treatment. 
Shock is a certainty in a bad case, sepsis a proba- 
bility, and badly burnt patients may be killed by 
local treatment commenced before their circula- 
tory equilibrium is established. There has also 
come a realization that the shock of burns is not 
a temporary state that can be dispelled by the 
magic of plasma, leaving the patient safe for 
surgery or evacuation. Resuscitation restores 
the circulatory equilibrium but the adverse forces 
continue at work for some time, and the patient 
needs re-resuscitation with more plasma at inter- 
vals for days, and a constant watch on his blood- 
Pressure and hematocrit readings, lest he slip 
into that state from which there is no recovery. 
Large amounts of plasma are needed, and in a 
sévere case the first 3 pints should be run in 
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in five minutes each, if necessary under pressure. 
Eight to 12 pints in the first forty-eight hours 
and 30 or more pints in the first five days are 
often required. 

Severe burns stand evacuation worse than any 
other type of case except abdominal injuries. If 
evacuation is demanded by the military situation 
the patient should be sent down with a plasma 
drip running. 

The local treatment by sulphonamide in- 
sufflation, already outlined in a former paragraph, 
was found very satisfactory under desert condi- 
tions. For armoured fighting vehicles a tin was 
supplied containing three large squares of gauze 
impregnated with a 14 per cent mixture of sul- 
phanilamide in vaseline sufficient to cover the 
face and both hands. As in other branches of 
surgery, our methods were to some extent 
governed by supply problems; sulphonamide 
creams were excluded by a shortage of vegetable 
oils. 

The most distressing problem in war burns 
is the burnt hand ; a burnt face is remediable, but 
a badly burnt hand cuts a man off from all human 
contact and all employment. We feel that too 
much attention has been paid in the past to the 
skin. A burnt hand is more than a cutaneous 
lesion; the thermal damage affects tendons, 
capsule, and cartilage, and though these may not 
recover completely, they will retain some function 
if function is not allowed to lapse. ‘Two methods 
have proved very encouraging. In the Forward 
Areas the Stannard glove, a transparent envelope 
containing 10 g. of sulphanilamide powder, was 
applied straight to the burnt hands without any 
preliminary cleansing, and the men were able to 
move their fingers painlessly in the mixture of 
serum and sulphanilamide with which the glove 
became filled, and travelled down in good condi- 
tion. At the Base, Captain G. Neville Robinson 
obtained some remarkable results with burnt 
hands by painting them with a mixture of triple 
dye with a 1-4 solution of sapo mollis B.P. in 
equal parts. This mixture forms a thin pliable 
yet durable coagulum beneath which the fingers 
can be moved freely. Few burnt hands are 
hopeless if looked after by a surgeon with more 
optimism than sense, one who keeps the position 
of function, gets the fingers working every day, 
and puts grafts on partly-cleaned areas long before 
the experts would approve. An epithelialized 
hand with some movement is a human thing that 
will improve; a claw covered with a beautiful 
graft has no future. 


ABDOMINAL INJURIES 


There is no need to stress the importance of 
skilled surgical treatment of wounds of the 
abdomen in Forward Areas. From one aspect 
alone, that of morale, these injuries assume an 
importance far beyond their numerical repre- 
sentation in any casualty analysis. The soldier 


fears wounds of the belly above all others, and 
when he finds friends thus wounded returning 
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to duty three months later, or hears of others 
transferred to Base jobs, he takes fresh heart. 
The great majority of abdominal recoveries are 
useful recoveries. 

One of the most striking contributions of the 
Field Surgical Units has been that, in spite of 
forward operating conditions far worse than those 
of the last war, a higher proportion of abdominal 
cases have been operated on and a higher recovery 
rate has been obtained. 

It is difficult to give exact proof of these state- 
ments or to provide a real comparison, for no two 
campaigns offer identical conditions. The far- 
ther forward the unit and the more courageous 
the surgeon, the higher will be the mortality. 
The Field Surgical Units worked as near the line 
as safety would allow, abdominal cases were 
given priority, and very few were classified as 
hopeless. During the first ten days of the Battle 
of Alamein, of 162 operations done by the surgical 
specialist of No. 10 Casualty Clearing Station, 
40 were abdominal. Many of these were desper- 
ate cases that had been given blood in Battalion 
Aid Posts or Advanced Dressing Stations and that 
would not in 1918 have reached a Casualty 
Clearing Station alive. The average amount of 
blood given to abdominal cases at this time was 
8. pints apiece. Another index of the greater 
severity of the wounds is to be found in the 
proportion of complicated injuries of the alimen- 
tary canal: in Cuthbert Wallace’s figures for the 
last war 32°8 per cent of these involved viscera 
other than the small intestines; in the Eighth 
Army figures the proportion was 45-4 per cent. 

A series of 628 cases operated on between 
August, 1942, and March, 1943, has been analysed, 
and will be reported in full elsewhere. 
series includes the work of all surgeons stationed 
forward at that time, and is in no sense selected. 
The mortality was 39 per cent. In the last war 
figures the criterion of recovery was evacuation 
to the Base; in this it is two months’ survival, 
and if the cases who died after leaving Forward 
Areas be excluded, the mortality becomes 33 per 
cent. 

The reasons for this satisfactory result are 
many, but chief among them are the unfailing 
supply of blood and plasma, the exteriorization 
of all colon injuries, the retention, when possible, 
of patients with abdominal wounds in a forward 
centre till equilibrium has been established, and 
the routine use of gastric suction and intravenous 
medication. In forward abdominal surgery the 
after-care counts as much as the operation itself ; 
it is therefore important, as far as the military 
situation will allow, to get abdominal casualties 
to a centre where the main essentials can be 
provided—beds, bed-rests, pillows, air-rings, 


reasonable shelter, skilled nursing—and where 
they can be kept undisturbed till their stitches 
are out, their pulse is normal, and their bowels 
are working. Patients evacuated earlier travel 
badly, and may die after a transfer of only a few 
miles. 
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Operating: units travelling light and wo king 
far forward lack these facilities for after- care. 
When an abdominal injury is admitted to stich q 
unit the surgeon is called upon to balance the 
risks of an immediate operation under unsatis- 
factory conditions and a later one in better 
surroundings. His decision must be based upon 
his estimate of the patient’s condition and a 
knowledge of the site and the equipment of the 
unit behind him and of the transport facilities 
between. Ifa patient, wounded four hours before, 
arrives in a state of collapse, he is bleeding, and 
must be transfused there and operated on then 
if he is to survive. If another, with similar 
wounds, appears well and only has some local 
guarding, his chief risk is pefitonitis, and he can 
travel another two hours, and will benefit by 
doing so if in that time he can reach a well- 
equipped forward hospital with a more experi- 
enced surgeon and good nurses. The same 
man, however, must be retained in the Forward 
Unit if the hour is nightfall and the road bad. 


THE CARE OF SPECIAL 
SURGICAL CASES 


Specialist surgery amd special centres have 
provided the Consultant Surgeons in World 
War II with problems they were spared in the 
first. Segregation of cases, provided the experts 
are good, gives the highest standard of treatment 
for those patients who can be segregated, but 
tends to debase the standard for others. Com- 
plete segregation in an operational command is 
only possible where all routes of evacuation meet, 
that is at the Base and at a later stage of treatment. 
The farther forward:a specialist unit is placed the 
poorer the equipment it can carry with it, the 
smaller the area it drains, the greater the number 
of cases in its own field that by-pass it, the larger 
the proportion of its time spent in idleness or 
work of the wrong sort. 

Where the time-lag precludes the treatment 
of wounds in the pre-infective period, forward 
surgery is of necessity simple, and reparative work 
comes into its own after the primary reaction of 
the tissues to injury is over. Under African 
conditions maxillo-facial surgery is not front-line 
work ; the less that is done beyond fixation of 
jaw fragments, arrest of hemorrhage, and clear- 
ance of the airway, the better will be the subse- 
quent repair. The segregation of thoracic cases 
in the battle zone was never practicable. Few 
are simple thoracic problems, and most are 
complicated by injuries to abdomen or limbs. 
Few need major surgery early, for planned 
thoracotomies are rarely necessary and are very 
fatal when done under unsatisfactory conditions ; 
only a proportion need surgery at any time, for 
many recover well on chemotherapy, aspiration of 
a hemothorax, and remedial exercises. Chest 
cases travel well after rest in the sitting position, 
morphia, oxygen, and the mechanical correction 
of sucking apertures and tension pneumothorax, 
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and the definitive treatment of haemothorax can 
be undertaken at the Base. 

The handling of fractures in the forward zone 
is chiefly concerned with the treatment of shock 
and hemorrhage and the prevention of infection, 
that is, with resuscitation, wound toilet, and 
immobilization. For evacuation, two standard- 
ized methods of fixation have proved their worth 
and been adopted as routine in fractures of the 
lower and upper limb respectively : The ‘ Tobruk 
splint’, a development by 62 General Hospital, 
during their siege at Tobruk, of a suggestion to 
combine plaster-of-Paris and the Thomas splint 
for rough evacuation desert journeys’ first put 
forward by my predecessor, Major-General D. C. 
Monro; and the thoraco-brachial or Alamein 
plaster popularized by Brigadier Eastwood. The 
chief essential in fracture policy is that all diffi- 
cult cases should be got to a fracture centre at 
the earliest possible opportunity and kept there 
until union is complete. 

Thus, the only operations beyond wound 
trimmings that must be done early are those on 
wounds of the abdomen and the head. The 
surgery of abdominal wounds, with the quality of 
surgeon to be found in the Field Surgical Units 
and Casualty Clearing Stations, cannot be regarded 
as a speciality ; courage and decision at the time 
and retention afterwards are the essentials for 
recovery: but head wounds operated on by any 
but a team trained in the technique of neuro- 
surgery and equipped with the necessary appara- 
tus, show a very disappointing proportion of 
healing by primary union, and a much lowered 
rate of return to duty. 

An essential in the primary operation on a 
penetrating head wound is the complete removal 
of bone chips, and, however good a surgeon may 
be, he cannot do this satisfactorily without good 


lighting, apparatus for holding the patient in the 


desired position, suction, diathermy, specialized 
anesthetic assistance, first-class radiographs, and 
many other accessories which the forward unit 
lacks. Neurosurgery, thus, demands a special 
theatre, preferably one in a hospital building. 
From the point of view of time, head injuries 
are less urgent than most; they travel well by 
land or air, and with the use of sulphadiazine 
they can be kept uninfected, or, at any rate, in a 
state of bacterial activity sufficiently suspended 
to allow delayed primary surgery, for forty-eight 
to seventy-two hours. 

The selected site for a neurosurgical centre 
will, therefore, vary with the circumstances of the 
fighting. When the lines of evacuation are simple 
and the distances moderate, particularly when 
air transport is available, it is clearly preferable 
to get all head cases to a Base hospital, where they 
will have the advantage, not only of a first-class 
theatre, but of good wards, specially trained 
hurses, and facilities for neurological and other 
Investigations of every kind, and where they can 
be retained for rehabilitation and final boarding. 
When the nature of the fighting or the length and 
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difficulties of the clearing-line are such that the 
average delay in arrival at a centre exceeds 
forty-eight hours, it is advisable to have a neuro- 
surgical team forward with the army, but suffi- 
ciently far back to be sited at some known con- 
verging point of evacuating lines. Such an 
advanced team must be provided with a special 
operating lorry, for only thus can the many 
accessories be kept running, and grouped round 
the surgeon. In the fighting of to-day this is 
the only real. sphere for a specialized vehicle of 
this kind. 

Both situations had to be faced in the fighting 
in the Middle East. During the back and forth 
struggles of 1941-42, and in the chase after 





FIG. 288.—No. 4 Neurosurgical Unit. Improvised 
mobile operating theatre near Medenine. 


Rommel as far as Benghazi, it was possible to 
get head injuries, with very few exceptions, to 
No. 1 Neurological Unit at Cairo within forty- 
eight hours. Between Tripoli and Tunis in the 
very heavy fighting of the Gabes Gap, the Mareth 
Line, and the final assault on the Entfidaville 
Line, a mobile detachment of No. 4 Neurosurgical 
Unit, under Major Eden, was attached to the 
Eighth Army (Fig. 288). This unit operated in an 
Italian Diesel-engined bus, converted by R.E.M.E. 
to a mobile theatre, and was attached to a Casualty 
Clearing Station from thirty to fifty miles behind 
the front line, usually teamed with the mobile 
Ophthalmic Unit, since injuries of the eye and 
orbit, labelled by the sorting officers forward as 
ophthalmic, are very often found to penetrate 
the cranium. The forward detachment operated 
on all the more serious injuries, and the main 
detachment, working at Tripoli under the second 
surgeon, operated on cases of less urgency sent 
on by the forward group and undertook the later 
care of their other cases when evacuated. 

The results from No. 4 Neurosurgical Unit, 
given on p. 324, are illustrative. 

In the first group the Neurosurgical Unit was 
well placed for the receipt of casualties ; in the 
second it was separated by sea from the fighting. 
The poor results in this second group are 
accounted for largely by the delay. In the 49 
cases operated on in Sicily and transferred to 
No. 4 Neurosurgical Unit, 12 of the 26 recorded 
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as healing by first intention were re-operated on 
in that unit. 

X rays are important in forward work and no 
operating group beyond a single Field Surgical 
Unit can be considered adequately equipped 


1. Campaign in North Africa, December, 1942, to May, 1943. 
Cases operated on by No. 4 N.S.U. 


188 within 25 hours—healing by first intention in 92 per cent 
40 ” 48 BP) >” >” 3° >” 97°5 3° 33 
31 3 72 3” >” >” > > 87 >” 3° 
17 ” 4 days 3° >> >” >” 88 >” >” 


Cases operated on elsewhere. 
Total, 45—healing by first intention in 28-8 per cent 
2. Campaign in Sicily, July and August, 1943. 
Cases reaching No. 4 N.S.U. unoperated ; 

time-lag, 4-9 days. 

Total, 44—healing by first intention in 75 per cent 
Cases operated on elsewhere; average time-lag 
before reaching No. 4 N.S.U., 5-4 days. 

Total, 49—healing by first intention in 53 


average 


per cent 


without them. The routine examination of all 
casualties is to be deprecated, and first-class films 
or accurate localization of fragments are not 
called for, but a surgeon should be able, when 
in doubt, to learn the position of a foreign body 
and should leave it behind because he thinks its 
removal unwise or unnecessary, not because he 
does not know where it is. The decision whether 
operation is needed or not, whether a patient 
should be retained or evacuated, may depend on 
a knowledge of the approximate site of a projectile. 
Questions such as whether a bullet entering the 
buttock has passed down the thigh or entered the 
pelvis, whether a thigh wound involves the knee- 
joint, whether a chest wound with some abdominal 
rigidity is purely thoracic, to be left alone, or 
abdomino-thoracic needing early operation, can 
only be answered by radiography. 

The Casualty Clearing Station is often left 
behind in mobile warfare, and used as a staging 
post on lines of communication. At such times 
the X-ray Unit could be detached and sent where 
it can be of some use. The present lack is less 
one of apparatus and personnel than of the 
realization that radiography is as much a part of 
the forward treatment of wounds as surgery and 
transfusion. 
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CONCLUSIONS 


It has been impossidle in a general survey to 
give more than an outline sketch of surgical 
tendencies in the African campaigns, but it would 
be well to re-emphasize two lessons that apply 
equally to all future campaigns. First, it is clear 
that any attempt to reduce the surgery of modern 
warfare to a system must fail. Each fresh mili- 
tary enterprise is a fresh surgical problem, and 





FIG. 289.—Between Tunis and Sicily; the Eighth 
Army St. Leger. 


while certain principles can be laid down, local 
factors, particularly the time-lag in reception, the 
equipment of the unit, and the conditions of 
evacuation—all of which depend in turn on the 
speed of the fighting—will modify profoundly 
the way in which these principles are applied. 
Second, that first-class surgery can be done under 
very simple conditions if the surgeons are right 
and the methods are right. It is easy to elaborate, 
but difficult to simplify a complex machine 
without losing its character. Simplification has 
perforce been learned in Africa, and those surgeons 
who learned their wound treatment in this hard 
school will find their experience stands them in 
good stead when they come to work in a civilized 
country, moving on good roads, lacking nothing 
in supplies, and stationed behind a line that 
cannot be overwhelmed. 





MOBILE NEUROSURGERY IN WARFARE 


EXPERIENCES IN THE EIGHTH 


ARMY’S CAMPAIGN 


IN CYRENAICA, 


TRIPOLITANIA, AND TUNISIA 


By THE LATE KENNETH EDEN, Major, R.A.M.C. 


FROM A MOBILE NEUROSURGICAL UNIT 


INTRODUCTION 


THE recent campaign of the Eighth Army from 
E] Alamein to Tunis was unprecedented in the 
rapidity of its movement and the length of the 
lines of communication. It provided unique 


problems in the treatment of war wounds of the 
head. 





Until after the battle of El Alamein, neuro- 
surgical battle casualties had been evacuated to a 
Base Neurosurgical Unit by air, either untreated 
or following operation by the general surgeons 
in the field. As the enemy began to move 
rapidly westward, however, the problem of 
transporting these cases to the Base became more 
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and more difficult, and eventually a Mobile 
Neurosurgical Unit* was sent into the field. 

Throughout the remainder of the campaign 
this Unit worked with a Casualty Clearing Station, 
usually the most forward one, and cases after 
operation were evacuated by air to the Base. 
When this became too distant for one journey, a 
detachment of the Unit was left in a hospital on 
the line of communication to act as a staging post. 
This Advanced Base team was able to hold and 
nurse the cases operated on by the Forward team 
until they were fit for the second, and longer, air 
journey to the Base, while at the same time it 
collected the cases missed by the Mobile team. 

Thus a specialized head-injury service was 
provided from the Forward Casualty Clearing 
Station to the Base at Cairo—eventually a dis- 
tance of some 2000 miles. 

The team was equipped with a complete set 
of neurosurgical instruments, including electric 
suction and diathermy, and after some experi- 
mentation, a satisfactory operating theatre was 
constructed out of a derelict 10-ton Diesel motor 
coach, captured from the Italians. Lighting was 
provided from batteries which could be re-charged 
by running the engine, and a special fitting in the 
ceiling of the coach provided for a headlight. 

The petrol generator carried by the Unit was 
arranged to run outside the coach, with leads to 
the suction and diathermy machinery and for 
emergency lighting. A rear compartment was 
fitted with instrument and linen cupboards and 
running water for scrubbing up. Altogether it 
formed a compact and well-equipped, relatively 
dust-proof, operating theatre that could be packed 
up and moved in an hour or two. 


ROUTINE TREATMENT 


During the battles, cases were received in a 
steady stream in the Casualty Clearing Station 
by M.A.C. from the field ambulances. The 
head cases were sorted out and admitted direct 
to a tented neurosurgical pre-operation ward 
attached to the operating theatre. Here, pre- 
operative investigation and treatment were carried 
out and sometimes as many as a dozen cases 
would be waiting for operation at one time. 

Selection of Cases.—In general, open brain 
wounds took precedence over simple depressed 
fractures and scalp wounds, many of which were 
evacuated straight on by air to the Advanced 
Base team. But we soon learnt to regard coma 
as a grave prognostic sign in brain wounds and 
to leave these cases for some hours, the better to 
assess their chances, while we made sure of the 
simpler cases. 

The following table shows the mortality of 
the head wounds (other than scalp wounds) 





* This unit has now been re-designated a ‘ Neuro- 
surgical Unit’ and has no longer a mobile role, the 
two 30-cwt. lorries previously provided having been 
withdrawn. A Neurosurgical Unit is intended for 
attachment to a General Hospital. 
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classified in terms of their degree of conscious- 
ness :— 


Table I—MORTALITY OF HEAD WOUNDS IN 
RELATION TO DEGREE OF CONSCIOUSNESS 
Coma Semicoma Confusion Alert 
Number of cases dying 12 ex, 4 I 
Number of cases surviving 3 6 Ws 115 


The presence of neurological signs was not 
considered to exclude a good result, and many 
of these patients made a complete recovery, while 
almost all of them improved considerably. 

The presence of other associated injuries is 
always a difficulty in specialized war surgery ; in 
some of these cases we worked together with the 
general surgeons, while at other times we treated 
the other wounds ourselves. Shock, which is 
usually an unimportant feature in head cases, 
may then be a prominent symptom; blood or 
plasma transfusions must be set up and operation 
may have to be delayed. Of 325 cases, 90 were 
associated with wounds elsewhere in the body. 

One of the more important associated wounds 
is injury to the eye, of which there were 19 cases 
in our series’ What appears at first sight to be a 
purely orbital wound and is referred to an ophthal- 
mic surgeon, is sometimes a perforating brain 
wound. For this reason we always worked in 
liaison with the ophthalmic surgeon. 

Pre-operative Measures.—Most of the 
cases reaching us were untouched except for a 
dressing to the wound of sulphanilamide powder 
and sulphanilamide given orally or sulphadiazine 
intravenously. A few cases had been operated 
on farther forward, and in some of these we 
re-operated before passing them on. 

The two most important diagnostic procedures 
are a complete neurological examination and 
radiography of the skull, both of which were 
carried out as a routine. Lumbar puncture is 
not sufficiently informative to justify its use in 
the investigation of early brain wounds; $§it 
becomes important only in the later stages. 

The next step, and usually a formidable one, 
is to shave the head The importance of this 
cannot be overstressed, for in the desert the 
soldier’s scalp is far from clean. If the hair is 
first cut short all over with scissors and the wound 
edges are left to the surgeon to shave, the task 
is simplified. We always insisted on the orderly 
wearing a mask to avoid adding to the wound 
flora. 

Anezesthesia.—More and more as the cam- 
paign went on we came to rely on local anzsthesia 
given in the form of a regional block of 1 per cent 
novotox with a basal narcosis of omnopon (gr. 4) 
and scopolamine (gr. ;4,). Usually this was 
sufficient alone, and the criticism that it is too 
exacting for the battle casualty was not borne out 
by the testimony of our patients. The contra- 


indications were wounds involving the eye or 
ears, in which a satisfactory regional block could 
not be obtained, or patients in a state of uncon- 
It is just these 


trollable restless confusion. 
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latter cases which provide the biggest problem in 
smooth general anzsthesia, but it was always 
provided by Major Harbord, using endotracheal 
cyclopropane following induction with a small 
dose of pentothal or by a continuous drip of 
4 per cent pentothal solution. 

Operative Treatment.—There is no doubt 
that the surgeon who first operates on an open 
brain wound makes or mars it. There is no 
useful first-aid operation—ideally, the initial 
operation should be the final and complete one. 
Failure to obtain primary union or inadequate 
removal of indriven bone fragments, all too 
frequently spells the vicious circle of cerebral 
fungus, abscess, and meningitis. 

The first step is adequate excision of the 
contaminated scalp through all layers, including 
any side lacerations or undermined flaps. This 
is in contrast to the general trend of war surgery 
elsewhere in the body, where skin excision is 
becoming more and more sparing. At the same 
time it must be remembered that the wound has 
to be closed, and for this reason every available 
millimetre of healthy skin must be preserved. 

The next step is the removal of all loose 
fragments of bone, and excision of the bone edges 
until the dural rent is fully exposed. Care should 
be taken to avoid extensive baring of the sur- 
rounding bone. Elevated or depressed flaps 
with sound periosteal attachments may be left 
behind. 

The dura is treated conservatively and only 
obviously contaminated tags are excised, while 
the brain track is cleaned out with gentle suction 
and irrigation. The object should be to remove 
all indriven bone fragments, together with the 
surrounding pulped brain and indriven hair and 
dirt. Metal is nearly always sterile and need 
not be removed unless it presents itself. In only 
a few cases in this series did we fail to secure all 
the indriven bone chips. 

The final closure is the crucial part of the 
operation. The rule is complete and accurate 
suture of the scalp without tension. Two layers 
of fine interrupted waxed silk, one in the galea 
and one in the superficial skin, is the ideal method, 
and the skin layer can be removed in three days ; 
but one layer of silk, through and through, may 
be satisfactory providing the stitches are placed 
exactly at the right tension and are left in place 
a few days longer. 

The difficulty, of course, in scalp closure 
arises when the wound edges cannot be approxi- 
mated except under tension. Then the unerring 
rule must be to extend the incision in an appro- 
priate manner, in order to mobilize and release 
loose portions of the scalp to fill the gaps. The 
methods used vary according to the circum- 
stances; sometimes extension into a simple 
flap will do it; at other times modifications 
of the Cushing triradiate or ‘Isle of Man’ 
incision are simplest, or a flap may have to be 
swung sideways across the defect. In this series 
it was nerve found necessary to leave bare areas 
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elsewhere in the scalp, as is sometimes advocated, 

A hoar-frost dusting of sulphathiazole powder 
to the wound prior to closure was used as a 
routine, and a small corrugated rubber stab drain 
was inserted for twenty-four to forty-eight hours, 

Slight modifications were made in this tech- 
nique for special types of wounds, though the 
general principles were adhered to. In one or 
two air sinus brain wounds the dura was closea 
with a free fascial graft, though, as a rule, owing 
to limited exposure it was preferred to delay 
this repair. 

If the eye was damaged but not in communica- 
tion with the wound, it was closed in the usual 
way; but if the missile had passed through the eye 
into the brain, the orbital contents were removed 
and the lids sutured across. Ear wounds were 
closed in the ordinary way after as wide an 
excision as possible. They healed well on the 
whole, but several cases later required mastoid- 
ectomy. 

In cases of sagittal sinus injury repair was 
effected with a series of interrupted silk sutures 
reinforced with muscle-grafts, and no case of 
fatal hemorrhage occurred. 

On the whole, we found the cases of compound 
fracture with indriven bone most difficult to treat, 
for the wounds were glancing or gutter in type, 
with large scalp defects requiring in their closure 
an elaborate plastic repair of the skin. 

Dressings and Post-operative Treatment. 
—A secure head dressing was all-important in 
our cases, for they had to travel hundreds of 
miles by air before the wound could receive 
further attention. We came to rely exclusively 
on the plaster cap. Properly applied this is an 
ideal, compact, and secure pressure dressing, and 
if the patient is restless and confused a loose 
strap from the occiput under the chin defeats all 
attempts at tearing it off. 

Sulphadiazine (3 g. four-hourly for forty- 
eight hours, and then 3 g. t.d.s. orally or § g. b.d. 
intravenously for the unconscious patient) was 
used as a routine for wounds involving the brain. 

Nursing was carried out for the first day or 
two in the general tented wards of the Casualty 
Clearing Station on beds or stretchers, according 
to supply. A small stock of rubber air rings 
was carried to help with the nursing of the uncon- 
scious patients. 

The chief problem in the post-operative 
treatment is to keep the patient quiet ; for this 
we relied on paraldehyde (3 drachms orally, 
8 drachms per rectum, or 3 c.c. intravenously) or 
soluble luminal (gr. 3) intravenously. 

In comatose patients a nasal stomach tube 
was inserted and fluids were pushed to avoid 
dehydration. 

Evacuation.—All being well, the cases 
operated on by the Forward team were evacuated 
about the second or third day after operation by 
air. Contrary to popular belief, they travelled 
just as well after operation as they did before, and 
invariably arrived in good condition. Even cases 
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with ruptured venous sinuses repaired with 
muscle-grafts were not disturbed by the journey. 
The assessment of disability and disposal of 
these patients and any re-operative treatment 
necessary was carried out by the Base unit, 
except for the less severe cases which were 
returned to duty from the Advanced Base. 


RESULTS 


The wounds in this study were due to shell, 
bomb, or. mine explosions, or bullets, except for 50 
scalp wounds, 9 fractures with intact.dura, and 44 
open brain wounds which were caused by the acci- 
dents, traffic, etc., associated with modern warfare. 

For the purposes of analysis the cases have 
been classified in the generally accepted manner— 
namely, those involving scalp only; those in- 
volving bone; and those in which the dura was 
penetrated. Cases which had previously been 
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The time intervals in our series are shown in 
Table II. 


Table II.—TuHE TIME INTERVAL IN RELATION 




















TO RESULTS 
Cases RECEIVED | HEALING | | 
IN Hours TOTAL | BY First | INFECTIONS a 
OF INJURY | | INTENTION | 
| per cent ; 

24 hr. 188 173 15 92°0 
a » 40 39 | I 97°5 
72 9 31 27 | 4 87°1 
4 dy. 17 15 5 —_ 
5: +35 9 7 2 ras 
6 55 3 ° 3 ie 
‘oe 2 2 ° eas 
8-10 ,, 3 3 ° _ 
Total 293 266 | 27 —_— 











The figures in the later periods are too few for any 
deductions to be drawn. By primary healing is meant 
a sound dry wound with the stitches removed and observed 
for at least a week. 


Table III.—CLASSIFIED RESULTS OF PRIMARY OPERATIONS 











HEALING 




















No. OF CASES INFECTED 
TYPE OF CASE DEATHS BY FIRST 6 COMPLICATIONS 
OPERATED ON INTENTION WOouNDS 
| | 
Scalp Wounds 139 | ° 135 4 I extradural 
| (97°I per cent) abscess 
Compound Fractures (Dura Intact).— 

Depressed fractures 45 fe) 41 4 I sequestration 

Compound fissured frac- 

tures 7 I 5 I —_ 

Sagittal sinus injuries 2 ° 2 ° _ 

Air sinus and eye wounds 9 ° 5 4 I sinusitis; 1. 
rhinorrheea 

Face wounds I ° I fe) —_ 

Ear wounds 5 ° 4 I I mastoiditis and 
subcutaneous 
abscess 

Total 69 I 58 10 
(84:I per cent) 
Open Brain Wounds.— 
Perforating brain wounds | 51 12 35 7 4 cerebral fungus; 
(metal indriven) 4 meningitis ; 1 
cerebral abscess ; 
I fits; 2 cerebro- 
spinal fluid leak 

Compound fracture (in- 24 5 19 3 2 cerebral fungus ; 

driven bone only) I meningitis 

Compound fracture (dura 10 ° 9 I 2 fits 

torn) 

Air sinus and eye and 7 2 5 I I pulmonary em- 

brain wounds bolus; 1 rhinor- 
rhoea 

Ear and brain wounds 3 2 I fe) I mastoiditis 

Facial brain wounds I ° I ° —_ 

Sagittal sinus brain 6 3 | 3 I I sagittal sinus 

wounds thrombosis 
Total 102 24 73 13 
(23°6 per cent) | (71-6 per cent) 
Grand Total 310 25 266 27 
(8-1 per cent) | (85-8 per cent) 




















* Including wounds left open. 


operated on and were re-opened by us, and a 
series of cases operated on by the general sur- 
geons in the Forward Area subsequently reaching 
the Base, are included in separate series. Practi- 
cally all these latter cases were operated on by the 
general surgeons within twelve to twenty-four 
hours of wounding, while our cases include many 
operated on by the Advanced Base team at longer 
intervals after wounding. 





Table III shows that the proportion of wounds 
healing by first intention in our series was high 
and that, in consequence, the incidence of infec- 
tive complications has been low. In the series of 
cases, Table V, treated by the general surgeons, 
the incidence of first intention healing was much 
lower and the incidence of complications higher. 
This is in spite of the fact, as Table II shows, 
that not all our cases were operated on within 





328 


the first seventy-two hours of injury. An all- 
round figure of 85 per cent primary union of head 
wounds (71 per cent of brain wounds) means that 
the majority of cases reach the Base requiring 
only rehabilitation or reparative treatment. The 
bogy of sepsis is largely dispelled. 
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latter in spite of the fact that all bone chips had 
been removed forty-two days earlier. 

It is still too early to give full figures for dis. 
posal of these patients; the majority have been 
followed for a period of three months, but some 
of the later ones for shorter periods than this. In 


Table IV.—RESULTS OF SECONDARY OPERATIONS 
(Previously Operated on by General Surgeons) 








| 
| No. oF CASES 


TYPE OF CASE | Operate ON 


DEATHS 


| HEALING 
BY FIRST 
INTENTION 


INFECTED 
WounpDs 


COMPLICATIONS 








Scalp wounds 
Compound fractures 
Open brain wounds 


I encephalitis ; 2 
mastoiditis; 1 
fungus 





Total 15 




















Tablz V.—CASES OPERATED ON FORWARD BY GENERAL SURGEONS REACHING BASE* 








| No. oF Cases | 


TYPE OF CASE OPERATED ON 


| 
| HEALING | 
BY FIRST ——_ COMPLICATIONS 
INTENTION | 








Scalp wounds 
Compound fractures (dura 
intact) 

Brain wounds 


2 sequestrations 


5 cerebral abscess ; 
9 cerebral fungi ; 
3 encephalitis; 8 
meningitis 





45 3 








13 32 














* From notes kindly made available by the Base Unit. 


The mortality figure has really little meaning, 
for the mortality in these cases depends to a great 
extent on how near you are to the front and what 
you operate on. Other cases must have died 
ahead of us in the Field Ambulances or on the 
battlefield, while 18 cases died before they could 
be operated on in the Casualty Clearing Station. 
Of the deaths following operation, 18 out of 25 
died of the initial brain damage, mostly within 
the first twenty-four hours of operation, but a 
few survived some days longer ; 12 of these cases 
were comatose and the other 6 in semicoma; 
5 were transventricular wounds, 2 were through- 
and-through wounds, and the other 10 were deep 
perforating injuries, 1 being cerebellar. 

Of the remaining deaths, not due directly to 
the initial brain damage, one was a case of gas 
gangrene of the arm and brain, and another died 
of an anaerobic streptococcal infection in a leg 
wound, while there was a case of pulmonary 
embolism on the tenth day. The three other 
cases were perforated ventricular wounds dying 
of the delayed effects of infection. Of these, one 
wound was six days old and crawling with maggots 
when received, and resulted in fatal meningitis 
twelve days later, the other two developed 
meningitis seventy-five days and forty-two days 
after operation ; the former immediately follow- 
ing re-operation for a retained bone chip and the 


general, it may be said that all scalp wounds without 


other injuries returned to duty usually within ten 


days to three weeks. This was also true of the 
simpler depressed fractures. Of the more severe 
cases, practically all those without neurological 
signs, and about half of the cases which had ab- 
normal neurological signs, could be expected to 
return to duty within a period of three months. 


CONCLUSION 


The peculiar circumstances of an actively 
moving campaign with ever-lengthening lines of 
communication demanded that the treatment of 
head injuries be carried out in the field. The 
figures in this series show that specialized neuro- 
logical surgery can be carried out under these 
conditions, and that the result of treating head 
wounds early is a high proportion of primary 
healing and a low incidence of complications. 


This work was made possible by the efficient 
organization of the medical services of the Eighth 
Army and by the loyal co-operation of the unit 
(Major Harbord, anesthetist ; Capt. Llewellyn- 
Smith, neurologist; Capt. Slemon, surgeon; 
Capt. Gillingham, G.D.O. ; and staff). 

I am indebted to Brigadier Cairns, Consultant 
Neurosurgeon, for his help and advice in writing 
this paper. 





PATHOLOGY OF IMMERSION FOOT 


STUDIES IN THE PATHOLOGY OF HUMAN ‘IMMERSION FOOT’ 
By W. BLACKWOOD 


FROM THE SCOTTISH MENTAL HOSPITALS’ LABORATORY, AND DEPARTMENT OF PATHOLOGY, 
UNIVERSITY OF EDINBURGH 


SPECIMENS from cases of immersion foot have more severely damaged survivor, the immersion foot 
been reaching this laboratory during the course was of moderate severity without blisters or gangrene, 
of the present war. The specimens have varied but with complete vasomotor paralysis in the hot 
in type from a digital nerve to a whole foot and stage. Sensory loss was chiefly in the toes and distal 


: : ‘ sole and partial on the dorsum of one foot. There 
leg, and they have varied also in the interval of was oedema of the feet and ankles which subsided 


time which has elapsed between the period of quickly after rest in bed. On the eighth-tenth day 
exposure and the removal of the specimen. All he developed severe burning stabbing pains and 
the material has come from severe cases, clinically hyperpathia in both feet. 

of grades 4-9 (Ungley, 1943), with the result SPECIMEN RECEIVED.—Complete foot (Fig. 290). 


that gangrene and bacterial infection have often HISTOLOGICAL FINDINGS.— 
been present. Skin from big toe and from the dorsum of the foot 


The histological findings in this series of Showed no significant abnormality. 


; ‘ Blood-vessels: No abnormality was seen in the 
specimens tell part of the story of the bodily  gorsalis pedis, medial plantar, or vessels of the great 


reactions to severe chilling of the extremities. toe. There was hemorrhage into the substance of 
Though the wey = incomplete, it seemed advis- extensor digitorum brevis in one area, but there was 
able to put the findings on record in view of their no reaction, and it appeared to be agonal or post- 
present interest and because no other account of mortem. : : 
the histology of human immersion foot has been Nerves: No abnormality was detected in axis- 
found cylinder or myelin-sheath preparations of the tibial 
’ nerve 3 cm. above the medial malleolus, of a digital 
CASE REPORTS nerve to the great toe, of nerves in the subcutaneous 
plexus of the great toe, or of nerves supplying 
Case 1.—E. E. S., aged 25. (Surg.-Cmdr. C. C. Meissnerian and Pacinian corpuscles in this toe. 
Ungley’s case.) Only cedematous separation of fibres was seen in the 
CiinicaL NoTE.—Exposed in open boat (Jan. 4) muscle nerve leashes in flexor hallucis longus, 3 cm. 


for thirty-four hours in cold wet weather. There above medial malleolus, in a deep sole muscle, and in 
were five men in the boat, two of whom died early. extensor digitorum brevis (Fig. 291). 


Fic. 291.—Case 1. Extensor digitorum brevis, show- 
ing oedema of muscle nerve-leash (A). L. S. Frozen 
section. Myelin sheath stain. (x 105.) 


Muscles: Patchy damage was present, in increas- 
ing amount, in flexor hallucis longus, a deep sole 
muscle, and in extensor digitorum brevis. The 

damaged fibres showed swelling, with separation and 

Fic. 290.—Case 1. View of dorsum of foot. In- elongation of the sarcolemma nuclei. The myoplasm 

cisions made at autopsy for permeation of fixative. showed loss of cross and then of longitudinal striation, 

becoming acidophile and hyaline, and clumped into 

This man died half an hour before rescue, and his wavy or amorphous masses (Fig. 292). Between 

foot was removed three days later, the body mean- these masses or ‘ clods’ the endomysial sheath would 

While having been kept in a cold room. As judged be collapsed and contain a little faintly staining 

om the condition of the two survivors, he would material. These degenerative changes might affect 

ve shown grade 4 or 5 immersion foot. In the only part ofa fibre. No such reaction was seen in the 
VOL. XXXI—NO. 124 22 
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muscles of a control ‘normal’ foot kept in a cold 
room for three days. 

Bone: Fibula and head of 1st metatarsal appeared 
normal. 

Summary.—This specimen of a ‘ pre-rescue ’ foot 
showed significant change only in the muscles; 
changes which were patchy but of increasing amount 





FiG. 292.—Case 1. Extensor digitorum brevis, 
showing muscle degeneration (Zenker’s). L.S. H.&E 
(x 90.) 


in the more distal and more superficial muscles. 
The change is that known as Zenker’s hyaline 
degeneration. This is a non-specific reaction on the 
part of muscle to various kinds of traumata (Speidel, 


1939). 


Case 2.—A. L., aged 27. 
month’s case.) 

CLINICAL NoTE.—Lay out, for eight days, in an 
unheated concrete pill-box on a Scottish hillside 
in October. The weather was cold and wet, but 
not frosty. He never walked for more than 100 
yards and had very little to eat. At the end of 
this time he returned to his unit, where his feet 
were placed in tepid water. On 
the evening of this day his feet 
and legs were swollen, his feet 
“ashy grey and devoid of sensa- 
tion”; pulsation in the arteries 
of the feet was unduly prominent. 
When examined six days later, he 
was in the hyperemic stage of 
immersion foot, clinically grade 8, 
with gangrene commencing in the 
toes of both feet. 

Fifty-six and sixty-five days 
after exposure, the gangrenous 
toes, which had not been entirely 
free of infection, were amputated 
from the left and right foot respec- 


(Professor J. R. Lear- 


tively. 

SPECIMENS RECEIVED. — Left 
great and smaller toes. Right 
great toe. 

HISTOLOGICAL FINDINGS.— 


Tissue was examined from the 
proximal regions of these speci- 
mens. It was very hard and diffi- 
cult to cut, so that only thick 
celloidin sections could be made. 
Specific nerve impregnation was 
not done. A composite picture 
was as follows :— 
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_ leucocytes. 


FIG. 294.—Case 2. 


removal of tourniquet. 
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Skin and Subcutaneous Tissue: There was marked 


vascular engorgement of the small vessels and dermal F 


capillaries, with a slight diffuse inflammatory cgl] 
infiltration of dermis and epidermis. 

Deeper Soft Tissues: The large arteries were well 
filled and healthy. One large and one small vein 





FIG. 293.—Case 2. General view of feet prior to 
amputation of toes. (By courtesy of the Department of 
Surgery, University of Edinburgh.) 


were seen with the lumen narrowed by young connec- 
tive tissue and hemosiderin-containing phagocytes 
(Fig. 296). The latter were present in the media of 
the smaller vessel. The arterioles were healthy. The 
capillaries and the tissues generally showed peri- 
vascular aggregations and infiltration by lymphocytes 
and plasma cells, with occasional polymorphonuclear 
One smaller digital nerve was seen, but 
no opinion could be passed upon it. 





View of feet when dependent, 56 days after exposure, showjng 
gangrene of toes and appearance of reactive hyperemia in the feet immediately after 


(By courtesy of Professor #. R. Learmonth.) 
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decalcification of a non-specific nature. The arteries 


proximal to the gangrene were noticeably healthy. 


Fic. 297.—Case 2. Distal portion of 1st right meta- 
tarsal bone, showing osteoblasts (A) bordering decalcified 
bone. H. & E. (xX 75.) 


Case 3.—G. W. E., aged 30. 
Ungley’s case.) 

CLINICAL NoTE.—Abandoned ship on June 8, sea 
temperature 5° C., air temperature 5° C. Swam for 
quarter of an hour before reaching a Carley float. 
The weather was calm. Picked up two and a half 
days later ; feet washed for one minute in water which 
was steaming a little. 

Ten weeks after exposure biopsy of interdigital 
nerve of toe performed. At this time hands showed 
wasting ++, paresis of small hand muscles with 
electrical reaction of degeneration; blunting of pin 
prick on palmar surfaces of hands. The lower limbs 
showed loss of power in toes and R.D. in foot muscles 
and some leg muscles; anzsthesia to touch and pin- 
prick in toes and plantar surfaces of foot; pin-prick 
felt blunt on dorsum of feet ; loss of joint sense and 
vibration sense in the toes ; heat, redness, and cedema 


(Surg.-Cmdr. C. C. 


Fic. 295.—Case 2. View of feet when elevated, 56 
days after exposure. (By courtesy of Professor Ff. R. 
Learmonth.) (Both these colour photographs were taken 
by Mr. Hennell of the Metal Box Company Ltd.) 


Bone (from the distal end of the Ist metatarsal) : 
Showed well-marked lacunar absorption. Occasional 
osteoclasts were visible, but the more numerous cells 
were osteoblasts, which had not yet re-formed any of 


FIG. 298.—Case 3. Interdigital nerve, showing normal 
myelin sheath (A), degenerated myelin (B), and proliferated 
Schwann cells (C). L.S. Myelin sheath stain. (x 225.) 


showing 
(X 60.) 


Subcutaneous _ vessels, 


FIG. 296.—Case 2. 
H.&E. 


narrowing of lumen of a small vein. 


the absorbed bone (Fig. 297). The soft-tissue spaces practically gone. No infection had occurred in the 


contained oedematous, vacuolated, connective tissue, 
with many small foci of chronic inflammatory cells. 

Summary.—The tissues examined were close to 
the base of gangrenous toes removed about eight 
Weeks after exposure. They showed congestion, 
inflammatory cell infiltration, endophlebitis, and bony 


region of biopsy. Clinically, grade 6. 

SPECIMEN RECEIVED.—Interdigital nerve. 

HISTOLOGICAL FINDINGS.—Axis cylinder stains 
were not done. 

The majority of the myelin sheaths had disappeared, 
leaving behind globules of degenerate myelin and 
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proliferated Schwann cells. No free fat was present, 
no neural fibrosis. No significant change was seen 
in the accompanying blood-vessels (Fig. 298). 

The histological preparations in this case were 
provided by the courtesy of Squadron-Leader A. C. P. 
Campbell. 

Summary.—The appearances in this interdigital 
nerve, removed ten weeks after exposure, were those 
of almost complete Wallerian degeneration. 


Case 4.—R. A. W., aged 34. (Surg.-Cmdr. C. C. 
Ungley’s case.) 

C.iinicAL Note.—Abandoned ship in June, sea 
temperatuze 5° C., air temperature 5° C. Swam for 





FiG. 299.—Case 4. Interdigital nerve, showing degen- 
erated myelin globules (A) and proliferated Schwann cells 
(B). L.S. Myelin sheath stain. (x 300.) 


quarter of an hour before reaching a Carley float. 
Picked up two and a half days later; heat was not 
applied to the feet. 

Four months after exposure, biopsy of interdigital 
nerve toe performed. 

At this time the hands showed no abnormality ; 
reaction of degeneration present in feet and in some 
leg muscles. There was anesthesia to touch and 
pin-prick in the soles and toes, and blunting of sensa- 
tion over the dorsum of the feet, with a lesser degree 
of loss in other areas up to the lower quarter of the 
leg. Joint sense was defective and vibration sense 
absent in the toes. The feet were still hot, red, and 
slightly oedematous. No infection had occurred in 
the region of the biopsy. Clinically, grade 7. 

SPECIMEN RECEIVED.—Interdigital nerve of toe. 

HISTOLOGICAL FINDINGS.—No axis cylinders, nor 
healthy myelin sheaths could be demonstrated, only 
globules of degenerate myelin being seen. There 
was no free fat. Schwann-cell proliferation had 
occurred (Fig. 299). ; 

The histological preparations in this case were 
provided by the courtesy of Squadron-Leader A. C. P. 
Campbell. 

Summary.—In this interdigital nerve, removed 
four months after exposure, there was complete 
Wallerian degeneration. No regenerating axis cylin- 
ders could be demonstrated. 


Case 5.—J. C., aged 25. (Mr. I. S. Smillie’s 
case.) 

CLINICAL NoTeE.—Ten days in an open boat in 
the North Atlantic in November. Heat was not 
applied on rescue. Gangrene of the feet developed 








(Fig. 300) and these were removed. The woun 
did not heal. Clinically, grade 9. Three to fy 
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Fic. 300.—Case 5. View of lower limbs prior to amputa- 
tion. (By courtesy of Mr. I. S. Smillie.) 


weeks after rescue there was a return of sensation to 
the lower limbs, being chiefly. pain, which was severe 
and shooting. 

Four months after exposure the legs were ampv- 
tated below the knee, chiefly on account of the pain, 

SPECIMENS RECEIVED.—Both amputated lower 
extremities (Fig. 301). 








Lerr yw Right 


Fic. 301.—Case 5. Amputated leg stumps. Levels of 
section as indicated. The surface of the extremities con- 
sisted from above downwards of intact skin (A), scar tissue 
(B), and granulation tissue (C). 


HISTOLOGICAL FINDINGS.—The tissues from both 
stumps were examined at various levels and were 
found to be similar in the two limbs. There was 
widespread cedema of all soft tissues. 

The Large Arteries (Figs. 302, 303) showed only a 
small degree of intimal fibrosis and medial fibrous 
thickening. 

The Large Veins (Figs. 304, 305), both the saphen- 
ous and deep groups, showed patchy, partial, organized, 
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d recanalized thrombosis. There was evidence of The Nerves (Figs. 306-312), both deep and super- 
jd hemorrhage into and around the walls of the veins ficial, showed extensive Wallerian degeneration 





FIG. 302.—Case 5. Left posterior tibial artery, above Fic. 303.—Case 5. Left posterior tibial artery and 
level 1, showing slight intimal fibrosis (A). Masson’s vein, between levels 2 and 3, showing cedema, slight medial 
trichrome stain. (X 21.) fibrosis, and slight intimal fibrosis in the artery. T. S. 


Masson’s trichrome stain. (x 36.) 
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FIG. 304.—Case 5. Deep vein, left leg, above level 1, Fic. 305.—Case 5. Superficial vein, left leg, just above 
showing organizing canalized thrombus (A) with hemo- level 2, showing intimal fibrosis (A), organizing mural 
siderin-containing phagocytes (B). L.S. H. & E. thrombus (B), and hemosiderin-containing phagocytes 
cx: 92;) (©), FE. S.. Brae €x 422) 


and a low-grade inflammatory exudate was present 
around venules in all areas (see Fig. 316). In onesskin 
area the superficial venules were widely dilated, 
possibly to compensate for obstruction to deeper 
veins. 





Fic. 306.—Normal tibial nerve, level 1. T. S. Fic. 307.—Case 5. Right tibial nerve, level 1, showing intra- 
Myelin sheath stain. (x 9.) neural edema. T.S. Myelin sheath stain. (x 9.) 
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commencing near the upper limit of the specimens 
and increasing peripherally. The fatty products of 





Fic. 308.—Normal tibial nerve, level 3. T. S. 
Myelin sheath stain. (x 280.) 





Fic. 309.—Case 5. Right tibial nerve, level 1, showing 
appearance compatible with cedema only. T.S. Myelin 
sheath stain. (xX 280.) 





Fic. 311.—Case 5. Right tibial nerve, just below level 
3, showing marked thinning of myelin sheaths with globules 
of degenerating myelin (A). T.S. Myelin sheath stain. 
(X 280.) 


demyelination were incompletely removed. One 
area of progressive degeneration was seen in the left 
deep peroneal nerve. Regeneration of axis cylinders 
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had occurred (Fig. 314) into the neurilemma tube, 
but myelination of these fibres was poor. There wa; 
intraneural cedema throughout. Neural fibrosis wa; 
present only at the far extremities. 

Muscles : The muscles throughout showed atrophic 
changes. In the left leg from above level 1 to level 2 
(Figs. 315, 316) there were areas where the fibre; 
showed granular or vacuolar degeneration ; there was 
no fibrous replacement. The muscle nerves con. 
tained a reduced number of thinly myelinated fibres, 
Fine myelinated axis cylinders could be seen in close 
apposition to muscle-fibres, being possibly at motor 
end-plates, but the muscle-fibres were still small. 

Below level 2 only a few recognizable muscle. 
fibres were left (Fig. 317). These were slender, cross- 
striated, hypernucleated, separated by cedematous 
collagen which was infiltrated with chronic inflamma- 
tory cells. Hzemosiderin-containing phagocytes, evi- 
dence of old hemorrhage, .were present. Some 
muscle-fibres had undergone fibroid differentiation, 
(An area similar to this was present below level 1.) The 
main muscle nerves showed many empty Schwann 





Fic. 310.—Case 5. Right tibial nerve, just below level 
2, showing thinning of myelin sheaths. T. S. Myelin 
sheath stain. (x 280.) 





Fic. 312.—Case 5. Right tibial nerve, just below level 
4. Very few myelinated fibres are present. Globules of 
degenerating myelin (A) are visible. T.S. Myelin sheath 
stain. (xX 280.) 


tubes, some fine myelinated fibres, and much debris. 
Above level 3 the changes were still more severe, 
with small arteries and veins completely thrombosed. 

Bone: Left fibula showed patchy absorption of 
bone at all levels, increasing peripherally. 
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widening of haversian canals. Lining the canals 
were active-looking osteoblasts with an occasional 





Left tibial nerve, above level 1, 


FIG. 313.—Case 5. 
L. S. Axis cylinder 


showing no significant abnormality. 
stain. (X 280.) 
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FIG. 315.—Case 5. Muscle, from the posterior compart- 
ment of the left leg, above level 1, showing degenerative 
change. L.S. Masson trichrome stain. (X 90.) 


osteoclast. Rings of new bone could sometimes be 
seen around the canals. At all levels, but increasing 
distally, there was subperiosteal new-bone formation. 
The central cavity contained cedematous vacuolated 
— with perivascular foci of chronic inflammatory 
cells. 

X-ray Examination.—Lower leg and proximal 
tarsus (Dr. McWhirter): There is some periosteal 
new-bone formation along the lateral aspect of the 
lower end of the fibula and along the medial aspect 
of the lower end of the tibia. The process is most 
marked in the fibula. The appearances indicate that 
the patient has had a periostitis of some standing. 
The lower end of the fibula is absent. 

Summary.—Four months after exposure this man 
had lost the major portion of each foot and there was 
chronic inflammation of the stumps. The legs showed 
no significant arterial change. Veins showed old 
patchy thrombosis. Nerves showed well-marked 
degeneration, increasing peripherally, with slight 
regeneration. Muscles showed focal degenerative 
changes of a type which resembled that due to 
denervation. 

Bone (fibula) showed evidence of osteoporosis 
and of new-bone formation. 
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The presence of chronic inflammation peripherally 
must have influenced the tissue reactions. 





Fic. 314.—Case 5. Left tibial nerve, just below level 2, 
showing numerous regenerated fine axis cylinders running 
in neurilemma tubes (A). L. S. Axis cylinder stain. 
(X 280.) 





Fic. 316.—Case 5. Muscle and vessels from the 
posterior compartment of the left leg, above level 2, 
showing perivascular chronic inflammatory cells and 
small ‘aeaeaneaind muscle-fibres. T. S. H. & E. 
(X 80. 





Fic. 317.—Case 5. Flexor hallucis longus, left leg, 
below level 2, showing widely separated slender muscle- 
fibres, cedema, and chronic inflammatory cell infiltration. 
L. S. Masson trichrome stain. (x 90.) 
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Case 6.—W. P., aged 30. 
case.) 

CLINICAL NoTE.—Four days in an open boat in 
March, in bad weather. He was given a hot bath on 
rescue. Gangrene of toes developed and a bilateral 
guillotine amputation was performed below the knee. 
Parts of the left hand were also amputated. Clinically, 
grade 9. 

Seven months after exposure the right leg stump 
was re-amputated, the leg being shortened 1 in. 

SPECIMENS RECEIVED.—Bone, skin, and muscle 
from right leg stump. 

HISTOLOGICAL FINDINGS.— 

Skin: Increased fibrosis of dermis and subcu- 
taneous tissues. Small vessels well distended. Peri- 
capillary chronic inflammatory cell infiltrations present. 
Large vessels or nerves not seen ; nerve impregnations 
not done. 

Muscles and Vessels: The muscle-fibres were 
separated by cedema; the majority were small in 
calibre, with an increased number of sarcolemma 
nuclei. Granular and vacuolar degeneration were 
present and some fibrous replacement (en masse). 
Hemosiderin-laden phagocytes were present between 
the muscle-fibres. Fairly large nerves which were 
present showed well-marked demyelination. An 
artery showed moderate concentric intimal fibrosis, 
and in a vein there was more marked, irregular, 
intimal fibrosis, with hemosiderin-containing phago- 
cytes present within the fibrous tissue. Pericapillary 
foci of chronic inflammatory cells were present. 

Bone: Fibula. At a point half an inch above the 
amputation level there was slight bony rarefaction 
in one-quarter of its circumference. 

Summary.—In tissue removed from a leg stump 
seven months after exposure, changes were seen in 
nerve and muscle. Nerves showed demyelination. 
Muscle showed degenerative changes suggestive, at 
least, of denervation. Hemosiderin-laden phago- 
cytes within the muscle indicated old hemorrhage, 
but this, like the mild vascular changes and the mild 
inflammatory cell infiltration, may have been due to 
the previous amputation. 

Case 7.—J. J. C., aged 15. 
case.) 

CLINICAL NoTEe.—In same ship as Case 6. He 
also spent four days in an open boat in bad weather 
in March. On rescue his legs were heated and 
amputations of fingers and the right foot and lower 
leg were carried out in Russia for immersion foot of 
grade 9 severity. 

Seven months after exposure the left foot showed 
osteomyelitis of the metatarsals with discharging 
sinuses, complete peroneal palsy, and equino-varus 
deformity of the foot. All the toes were amputated. 

SPECIMENS RECEIVED.—Consisted of three com- 
plete toes (2nd, 3rd, and 4th), distal portion of great 
toe. Scar tissue. 

HISTOLOGICAL FINDINGS.— 

Skin: Increased fibrosis of dermis, cedema of 
subcutaneous tissues with occasional foci of hemo- 
siderin-laden phagocytes and slight infiltration by 
chronic inflammatory cells, more marked about the 
capillaries. Oidema of the walls of larger veins ; 
concentric intimal fibrosis of larger veins and arteries. 

Nerves of the Subcutaneous Plexus (larger nerves) 
consisted of neurilemma tubes in which were a very few 
myelinated fibres. Beyond this point, myelinated or 
unmyelinated nerve-fibres could not be demonstrated. 

Cross-section of the Terminal Phalanx of the Fourth 
Toe showed no skin or vascular injury. In Masson- 
stained preparations well-marked degeneration could 


(Mr. H. I. J. Kellam’s 


(Mr. H. I. J. Kellam’s 
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be demonstrated in the nerves, with definite endo- 
neurial and slight epineurial fibrosis. The only 
specialized merve-endings visible were occasional 
Pacinian corpuscles. They showed a slight increase 
of collagen centrally. The bone showed some 
absorption, with many osteoblasts bordering the 
bony trabeculz, and slight fibrous replacement of the 
absorbed bone. 

Soft Tissues from the Proximal Parts of the Second 
and Third Toes showed slight arterial intimal fibrosis, 
There were occasional hemosiderin-containing phago- 
cytes in the subcutaneous tissue, with pericapillary 
chronic inflammatory-cell infiltrations. The nerves, 
in Masson-stained preparations, did not contain any 
myelinated fibres. 

Summary.—These toes, removed seven months 
after exposure, from a foot in which sepsis was 
present, showed evidence of slight vascular narrowing, 
well-marked digital nerve degeneration, definite bony 
absorption, slight old interstitial haemorrhage, and 
slight diffuse inflammatory infiltration. 


Cases 8.—W. S., aged 23. (Mr. H. I. J. Kellam’s 
case.) 

CLINICAL NoTE.—In same ship as Cases 6 and 7. 
Spent four days in open boat in bad weather in March. 
He was given a hot bath on rescue, developed grade 
9 immersion foot, for which right below-thigh and 
left below-knee guillotine amputations were performed 
in Russia. Seven months after exposure both stumps 
were shortened. 

SPECIMENS RECEIVED.—Bone, muscle, and healthy- 
looking skin from the stump of the left leg. 

HISTOLOGICAL FINDINGS.— 

Skin (in paraffin sections): The only abnormality 
was the presence of occasional hemosiderin-containing 
phagocytes in all regions. 

Muscle: Showed some healthy areas, and some 
areas where the muscle-fibres were small, hyper- 
nucleated, sometimes showing vacuolar, and some- 
times granular degeneration, with an increase of 
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Fic. 318.—Case 8. Muscle from stump of left leg, 
showing patchy degenerative changes. L. S. H. & E. 
(Xx §2.) 


intermuscular collagen. In addition, there were 
collections of hemosiderin-containing phagocytes and 
pericapillary chronic inflammatory-cell infiltrations. 
(Fig. 318.) : 

No significant abnormality was seen in adjacent 
veins ; arteries showed concentric intimal fibrosis. 

Bone: Fibula. Showed widening of the haversian 
canals as a result of bony absorption. Active looking 
osteoblasts lined many of these spaces and had often 
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laid down rings of new bone. Periosteal new-bone 
formation was present to a small degree. 
Summary.—In tissues removed seven months 
after exposure, from a leg stump, nerves were not 
seen, but muscle once again showed patchy degenera- 
tive change. Hemosiderin-laden phagocytes, mild 
inflammatory infiltration, mild vascular changes, and 
evidence of bony absorption and repair were present. 


Case 9.—Lieut. D., aged 27. (Surg. Cmdr. C. C. 
Ungley’s case.) 

CLINICAL NoTE.—Exposed for twenty-two hours 
in an open boat in the North Sea in March. Treated 
by a heat cage on rescue. Soon afterwards the left 
big toe turned black and eventually separated. The 


severity of the sensory and motor changes was greater 





FIG. 319.—Case 9.—Deep subcutaneous vein, showing 
intimal fibrosis. The central lumen is still patent. Frozen 
section. Elastic van Gieson stain. (x 90.) 


in the left than in the right foot, but less than 
in many cases without necrosis. His clinical grading 
was 5. 

Eleven years ago he had a motor-car accident 
with septic abrasions of the left lower limb, the left 
foot being swollen, apparently from sepsis, for 
about six weeks, and there was a broken bone in the 
dorsum of the left foot. A year later, however, he 
played rugby football, etc., and had no trouble with 
this foot. 

Seven months after exposure there was no pares- 
thesia in the feet. There were occasional stabbing 
pains in or near the toe stump, but more often in the 
left little toe. There was tenderness of the stump 
and adjacent ball of the left foot. Joint sense was 
normal in the proximal joint of the great toe. Touch 
was normal on the dorsum of the stump but not on 
the under-surface. Pin-prick was appreciated as 
sharp on both plantar and dorsal surfaces of the 
stump. Sweating was excessive, especially after 
tests with pin-prick, the excess being greatest on the 
medial side of the dorsum of the left foot just proximal 
tothe stump. The left dorsalis pedis artery pulsated 
less strongly than the right. The toes of the left 
foot, including the base of the stump, were 1-14° C. 
warmer than corresponding regions of the right foot. 
During immersion of the arms in water, 46-47° C., 
the right foot warmed normally, but the left leg from 
the knee down remained cool. 

_ The distal third of the left foot was slightly bluish- 
pink in colour. The colour increased on dependency, 
but not unduly rapidly ; on elevation some redness 
and blueness remained. The skin of the left foot 
Was sensitive to iodine and picric acid. 
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Seven and a half months after exposure the stump 
of the left great toe was amputated. 

SPECIMEN RECEIVED.—Amputated stump of left 
great toe. 

HISTOLOGICAL FINDINGS.— 

Skin and Subcutaneous Tissues: There was no 
gross increase in fibrous tissue. There was a mild 
infiltration of the subcutaneous tissues with lympho- 
cytes and plasma cells, with perivascular accentuation. 
Occasional hemosiderin-containing phagocytes were 
present. The capillaries were markedly dilated in 
one region in which the hezmosiderin-containing 
phagocytes were also more numerous. 

The Deeper Arteries appeared healthy, but one 
larger vein (Fig. 319), seen only in a frozen section, 





Fic. 320.—Case 9.—Subcutaneous nerve (A), showing few 
myelinated fibres (B) and Schwann-cell proliferation. 
Myelin sheath stain and carmine. (x 210.) 


showed marked concentric intimal fibrosis. The 
sweat glands appeared healthy. 

The Nerves in the subcutaneous plexus contained 
many fine fibres, only a few of which were myelinated 
(Fig. 320). No fibres, myelinated or unmyelinated, 
could be shown going to pain endings or to other 
specialized nerve-endings. 

Bone: There was slightly patchy osteoporosis, 
consisting of enlarged haversian canals which were 
often lined with active-looking osteoblasts. Around 
these canals, around canals of normal size, and in 
some areas deep to the periosteum, new-bone forma- 
tion was proceeding. 

Summary.—The stump of the left great toe removed 
seven and a half months after exposure showed vascular 
congestion and slight inflammatory cell infiltration, 
healthy arteries, one vein with marked intimal fibrosis, 
a moderate degree of demyelination of cutaneous nerves, 
osteoporosis, and new-bone formation. The tip of 
this toe had been gangrenou and separated. 

Case 10.—H. S., aged 36. (Mr. I. S. Smillie’s 
case.) 

CLINICAL NOTE.—Five days’ exposure in an open 
boat in severe weather in March. Rescued by a 
submarine in which warmth and Sloan’s liniment 
were applied to the lower extremities. He had 


severe immersion feet, clinically probably grade 9. 
He lost toes ; five months later the exposed heads of 
metatarsals were removed. Ten months after expo- 
sure, when much tissue had been lost from both feet, 
chronic mild infection and persistent pain in the 
distribution of the tibial nerves necessitated amputa- 
tion six and a half inches below the knee. 
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The amputated stumps were dissected by Mr. 
D. L. Savill, who noticed generalized cedema and the 
presence of yellowish-green discoloration in the lower 
part of the flexor hallucis longus muscle. 

SPECIMENS RECEIVED.—Two tibial nerves with 
portions of plantar nerves, ending in scar tissue and 
muscle (Fig. 321); one deep peroneal nerve and 
associated vessels. 


Pr AT gl a 





Tibial nerves, with interposed 


Fic. 321.—Case Io. 
Levels 


normal control, showing oedematous thickening. 
of section indicated. 


MACROSCOPICAL FINDINGS.—AIl nerves and vessels 
showed diffuse swelling. 

HISTOLOGICAL FINDINGS.— 

Posterior Tibial Vessels: There was slight mural 
thickening with muscular prominence, due not to 
fibrosis, but probably to cedema. Both artery and 
vein showed slight concentric reduplication of the 
internal elastic lamina with slight intimal fibrosis. 





Tibial nerve, level 1, showing 
cedema slight. T. S. Myelin 


FiG. 322.—Case 10. 
well-myelinated nerve, 
sheath stain. (x 9.) 


Anterior Tibial Vessels: Showed similar changes, 
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the intimal fibrosis being slightly more marked. 


Tibial Nerves: 
but no fibrosis. 





partial demyelination. 





FIG. 


323.—Case Io. 
T.S. Myelin sheath stain. 


FIG. 324.—Case 10. 
intramural oedema and increased loss of myelinated fibres. 


T. S. Myelin sheath stain. 


Showed generalized cdema 
The upper extremities contained 


Tibial nerve, level 2, showing 
(X 9.) 


Tibial nerve, level 3, showing 


(Xx 9.) 





FiG. 325.—Case Io. 


showing cedema and demyelination. 


stain. 


(X 9.) 


Medial plantar nerve, level 4, 
T. S. Myelin sheath 
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PATHOLOGY OF 


well-myelinated fibres, but at all levels regeneration had 
occurred, increasing in severity peripherally (Figs. 
321-326). The products of demyelination had been re- 
moved. There had been a good growth of regenerating 





F1G. 326.—Normal medial plantar nerve, level 4. 
af Ig Myelin sheath stain. (x 9.) 


axis cylinders, but these fibres had acquired, at the 
best, only thin myelin coats. Only at one level was 
there fibrous obliteration of the lumen of one small 
perineurial arteriole. 

Muscle: Level 5. The fibres were small, with 
sarcolemma nuclei apparently increased in number. 
Some fibres were swollen, with vacuolar degeneration. 
Many fibres showed loss of cross striation, some 
showed loss of longitudinal striation. The fibres 
were well separated by cedema and there was a slight 
increase of interstitial collagen. A small artery 
showed marked sclerosis and a muscle nerve-leash 
appeared to contain no myelinated fibres. No old or 
recent hemorrhage was seen. 

Summary.—In tibial nerves and accompanying 
vessels removed ten months after exposure from 
extremities similar to Case 5, the nerves showed 
well-marked degeneration, increasing peripherally 
with partial regeneration. Vascular changes were 
slight. Muscle from the distal extremity of the limb 
showed degenerative changes. 


ay 11.—B. G., aged 33. (Mr. I. S. Smillie’s 
case. 
CLINICAL NoTE.—In same ship’s boat as Case 10, 


being exposed for five days in severe weather in 
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feet, probably of grade 9 severity. He lost toes; 
four months later the heads of the metatarsals of both 
feet were removed. Ten months after exposure 
both legs were amputated because of pain. The 





FiG. 328.—Case 11. Tibial nerve, showing thickly 
myelinated axon (A), and fine axons running in neurilemma 
tubes (B). Axis cylinder stain. (xX 300.) 


amputated portions were dissected by Mr. D. L. 
Savill, who again noted the yellowish-green dis- 
coloration of the lower part of the flexor hallucis 
longus muscle. 

SPECIMENS RECEIVED.—Tibial and deeper peroneal 
nerves with associated vessels. Portions of flexor 
hallucis longus. 

HISTOLOGICAL FINDINGS.—There was generalized 
cedema of all soft tissues. 

Blood-vessels: The tibial vessels showed cedema, 
with slight medial and intimal fibrosis of the artery 
(Fig. 327). Venules showed occasional perivascular 
lymphocytes, plasma cells, or monocytes. 

Tibial Nerve: In the mid-leg region the axis 
cylinders were numerous (Fig. 328). They were 
generally fine, but occasionally thick, running either 
in groups in Schwann bands, unmyelinated or in fine 
myelin sheaths, or, if thick, in thick myelin sheaths 
(Fig. 329). Schwann-cell proliferation was well 





I 2a Posterior tibial vessels and nerve, 
showing adventitial, medial, and intimal arterial fibrosis ; 


FIG. 327.—Case I1. 


cedema and fibrous thickening of the vein. T.S. Masson 


trichrome stain. (xX 13°§.) 


March. Of the original ten men in the boat there 
were eight survivors. He was rescued by a British 
submarine, when he received dry clothing. Four 
days later he was put ashore with severe immersion 


Fic. 329.—Case 11. Tibial nerve, showing occasional 
large (A) and a few fine (B) myelinated fibres. S. 
Myelin sheath stain. (x 225.) 


marked, with occasional globules of degenerated 
myelin still present. No increase of fibrous tissue 
was present, but there was slight separation of the 
Schwann bundles, suggesting oedema. 
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Deep Peroneal Nerve showed similar changes. 

Muscle (flexor hallucis longus) : Showed degenera- 
tive changes varying in amount in the same section, 
but increasing peripherally. In the proximal part 
of the muscle the fibres were generally more slender 
than normal, with an increased number of sarcolemma 
nuclei. Vacuolar and granular degeneration were 
present and slight fatty infiltration. In the distal 
part of the muscle there was fibroid replacement of 
muscle-fibres and an increase of interstitial collagen. 
At all levels there was evidence of old hemorrhage 
into the muscle in the form of hzmosiderin-laden 


phagocytes (Fig. 330). 


oe, : ’ bg 4 


Fic. 330.—Case 11. Middle portion of flexor hallucis 
longus, showing damaged muscle-fibres and hemosiderin 
(dark) in phagocytes. T. S. Masson trichrome stain. 
(xX §7.) 


No nerves to individual muscle-fibres were seen. 
The muscle nerve-leashes, in which the Schwann- 
cell nuclei were prominent, contained many axis 
cylinders, only a few of which were thinly myelinated. 

Summary.—This case was similar clinically and 
histologically to Case 10. Flexor hallucis longus 
showed focal degenerative changes increasing peri- 
pherally with fibroid replacement peripherally and 
evidence of old interstitial hemorrhage. 


Case 12.—Capt. L., aged 55. (Surg. Cmdr. C. C. 
Ungley’s case.) 

CLINICAL Note.—After the loss of his ship in 
March, he was swimming for half an hour, then in a 
waterlogged boat for half an hour, and finally in 
another boat for twenty-two hours. The weather was 
severe. Flannel trousers provided the only covering 
for his lower limbs. Heat was not applied on rescue. 
His clinical findings were of grade 7 severity. 

Sensory Findings.—There was tingling in the legs 
up to the knees, which passed off in two days. Ten 
days after exposure the hands showed sensory loss, 
which returned to normal within four months. In 
the feet recovery was very slow, and eight months 
after exposure there was still sensory loss to cotton- 
wool in the soles, dorsum of toes, and outer sides of 
heels. Blunting to pin-prick was confined to the 
toes. Vibration sense was absent in the great toes, 
sometimes in the metatarsal bones, malleoli, and shins. 
Improvement did not occur. 

Motor Function.—Two weeks after exposure 
there was wasting and weakness of small hand muscles. 
Eight months later there was still wasting of the 
first interosseous spaces but none of the thenar 
eminences. Electrical reactions were impaired in 
many small hand muscles two months after exposure. 
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The hands remained unnaturally dry. In the lower 
limbs, wasting, loss of power, and impaired electrical 
reactions were more severe in the feet. Wasting 
occurred in the calves. Clawing of the toes developed. 





FIG. 331.—Case 12. Palmar surface of hand. Incision 


made at autopsy for permeation of fixative. 


Eight months after exposure knee-jerks were sluggish 
and ankle-jerks impaired. The feet remained un- 
naturally dry. 

Vascular Findings —Three days after exposure 
pulses could not be felt in the feet, which were 
cedematous, but in subsequent tests arterial pulsation 
was normal. Hyperemia persisted for three to four 
weeks in the hands, eight weeks in the feet. 

. Gangrene.—Small areas of superficial gangrene were 
observed in the toes. Following exposure there was 





FIG. 332.—Case 12. Index finger, digital artery at level 
of proximal phalanx, showing intimal fibrosis. T. S. 
Masson’s trichrome stain. (x 42.) 


chronic pulmonary infection, which culminated in his 
death twelve months later from bronchiectasis, empyema 
and cardiac failure. Autopsy was carried out next day. 

SPECIMEN RECEIVED.—Right hand ; right foot and 
leg (Figs. 331, 337); lumbar spinal cord; portions 
of muscle from left leg and foot ; left tibial nerve. 
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HISTOLOGICAL FINDINGS.—Lower lumbar cord 
showed no abnormality of nerve-cells or myelinated 
fibres in tracts or surrounding nerve-roots. 

Upper Limb.— 


Blood-vessels: The radial artery at the wrist 


showed a very slight degree of intimal fibrosis with 
reduplication of the internal elastic lamina. 


mea, Piriiahch Soa. * 


FIG. 333.-—Normal motor end-plate (A) in hypothenar 
muscle of control. Note the myelin sheath (B) surround- 
ing the axis cylinder. L.S. Axis cylinderstain. (x 255.) 


Fic. 335.—Case 12. Regenerating nerve-ending in 
thenar muscle. The axon has grown in from the right (A) 
and has formed a small end-organ at (B). A portion of the 
axon has escaped from the neurilemma with the formation 
of an —— fibre (C). L.S. Axis cylinder stain. 
(xX 265). 


The ulnar artery at the wrist showed a moderate 
degree of eccentric intimal fibrosis with focal inter- 
ruption and reduplication of the internal elastic 

na. 

The digital vessels of the index finger showed 
slight intimal fibrosis with some interruption of the 
internal elastic lamina (Fig. 332). 

The veins accompanying these arteries were 
healthy. 

Nerves: The median and ulnar nerves at the 
wrist showed no significant abnormality. 

The digital nerves of the index finger showed a 
loss of about 25 per cent of myelinated fibres, those 
remaining being predominantly of large size. The 
neurilemma tubes from which the myelinated fibres 
had disappeared contained proliferated Schwann cells 
and fine axis cylinders. There was slight fibrous endo- 
neurial thickening. In the pulp of the tip of the 
index finger, myelinated fibres were seen innervating 
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Meissnerian and Pacinian corpuscles and ending 
freely in the basal layers of the epidermis. 

Hand Muscles: ‘Thenar, hypothenar, and Ist 
dorsal interosseous muscles—the changes seen in 
these muscles were essentially similar. The muscle- 
fibres varied in calibre, being usually more slender 
than normal, with an increased number of sarcolemma 


Regenerating nerve-ending in 


FIG. 334.—Case 12. 
L. S. Axis 


thenar muscle with bulbous ending (A). 
cylinder stain. (x 265.) 


Fic. 336.—Case 12. Regenerating nerve-ending in 
thenar muscle. The regenerating axon has grown out 
from its old neurilemma (A) and formed a nerve network 
(B) between the muscle-fibres. L.S. Axis cylinder stain. 
(X 265.) 


nuclei. Cross and longitudinal striation were well 
preserved. There was very little increase in fibrous 
tissue. The muscle nerve-leashes contained about 
three-quarters of their normal complement of myelin- 
ated fibres. The motor nerve-fibres to individual 
muscle-fibres occasionally ran to fairly well-formed 
end-plates, but more often the endings were abnormal. 
Sometimes the ending was bulbous (Fig. 334); 
sometimes part of the axis cylinder had escaped from 
its Schwann sheath and had formed an ultraterminal 
fibre (Fig. 335) ; and sometimes the axis cylinder had 
grown out beyond its Schwann sheath and had either 
formed a complicated network around the muscle- 
fibres (Fig. 336) or disappeared gradually in the 
connective tissue. These abnormal endings were 
seen in greatest number in the thenar muscle. The 
appearances are similar to those seen by E. Gutmann 
and J. Z. Young (1944) in the muscles of the rabbit, 
re-innervated after considerable periods of atrophy. 
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Radiography of Hand (Dr. McWhirter): Apart 
from slight osteo-arthritis, no changes can be detected 
in the bones of the hands. 

Lower Limb.— 


Blood-vessels : Posterior tibial artery, examined at 
the knee, ankle, and halfway between, showed slight 





Fic. 337.—Case 12. Dorsum of foot, showing 
clawing of toes. 


intimal fibrosis and well-marked medial calcification 
of the Ménckeberg type. 

Dorsalis pedis artery and medial plantar artery 
showed slight intimal fibrosis only, at the levels 
examined. Digital arteries of the great toe showed 
patchy medial calcification (Figs. 338, 339). In the 
smaller digital arteries there was slight intimal fibrosis 
distally. 





FIG. 338.—Case 12. Great toe, digital artery at level of 
proximal phalanx, showing patchy medial calcification and 
slight intimal fibrosis. T.S. H.& E. (xX 37°5.) 


The great saphenous vein (12 levels), and the veins 
in relation to the posterior tibial, medial plantar, 
dorsalis pedis, and digital arteries showed no 
abnormality. 

Skin on medial aspect of leg, on dorsum of foot, 
and covering the great toe, showed no significant 
abnormality in paraffin sections. 
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Cutaneous nerve-bundles in these sections showed 
well-marked degeneration. ; 

Nerves: Tibial nerve was cut at many levels, from 
knee level distally. At all levels there was loss of 
myelinated fibres, slight proximally, increasing distally. 
The fibres present were either of large or small calibre 
(Figs. 340, 341). The latter, together with numerous 
unmyelinated axons, ran in neurilemma tubes where 
Schwann-cell proliferation had occurred, and were, 
therefore, regenerated fibres. No fibrous tissue 
increase was present. 

Medial Plantar Nerve: All neurilemma tubes 
here contained proliferated Schwann cells, so that the 
level was one of previously complete degeneration. 
In these tubes ran small axis cylinders of varying sizes. 
Sometimes the axoplasm was impeded by an obstruct- 
ing Schwann-cell nucleus (Fig. 342). Some of the 
fibres were myelinated (Fig. 343), the myelin being 
indented as if by Schwann-cell nuclei, though this 
might be partly artefact. Moderate diffuse endo- 
neurial fibrosis was present. All fatty products of 
myelin destruction had been removed. 

Digital nerves of the 2nd toe showed numerous 
fine axis cylinders and very occasional fine myelinated 
fibres running in Schwann bands. Along many of 
the axons there was a stippling of myelin-like material, 
suggesting that some of the fine axis cylinders might 
be remyelinating. There was moderate endoneurial 
and perineurial fibrosis. 

Nerves to specialized nerve-endings could not be 
demonstrated in the skin and subcutaneous tissues of 
the tips of the 1st and 2nd toes. Pacinian corpuscles 
were present, and showed a slight increase of collagen 
centrally. No Meissnerian corpuscles could be seen. 

Muscles: Gastrocnemius, flexor hallucis longus, 
sole muscles, and extensor digitorum brevis all showed 


-fibres which were smaller than normal, varying from 


a wisp of myoplasm up to three-quarters of the normal 
calibre. Striation was good (Fig. 345). The nuclei 
were apparently increased in number and were often 
arranged closely in groups in gastrocnemius and flexor 
hallucis longus. Only in extensor digitorum brevis 
was there any fibrosis ; there one area of muscle was 


4 





FIG. 339.—Case 12. Great toe, digital artery and nerve 
at level of proximal phalanx, showing slight intimal fibrosis 
of the artery and endoneurial and perineurial fibrosis of the 
nerve. Masson trichrome stain. (Xx 42.) 


almost entirely replaced by collagen and hemosiderin- 
containing phagocytes (Fig. 344). In the other areas 
and in the other muscles any apparent increase of 
connective tissue appeared to be due to a condensation, 
through muscle-fibre atrophy, of that which was 
normally present. 
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The muscle nerve-leashes contained numerous Radiography of Fore Foot (Dr. McWhirter) : 
axis cylinders which were thicker and better myelinated X-ray examination shows no change in the bones. 
in flexor hallucis longus than in extensor digitorum The dorsalis pedis artery is calcified. 





Fic. 340.—Case 12. Posterior tibial nerve. Level : 7 
just below knee, showing slight loss of myelinated fibres. Fic. 341.—Case 12. Posterior tibial nerve at ankle 
L. S. Myelin sheath stain. (x 225.) level, showing large myelinated fibres (A), small myelinated 
fibres (B), and the outline of the neurilemma tubes (C) in 
which the fibres are unmyelinated. L.S. Myelin sheath 
stain. (xX 225.) 





FIG. 342.—Case 12. Medial plantar nerve. At (A) Fic. 343.—Case 12. Medial plantar nerve, showing 


and (B) the axis cylinders have been impeded in their down- few fine, beaded, myelin sheaths. L.S. Myelin sheath 
growth (direction shown by large arrow) and show localized stain. (X 225.) 


thickenings. L. S. Axis cylinder stain. (x 300.) 


brevis, but fell far short of. normality even in the 
former. 

The motor nerve-fibres to individual muscle- 
fibres sometimes, in flexor hallucis longus, ended 
normally, but more often gave rise to ultraterminal 
axons which escaped from the neurilemma sheaths 
and wandered, unmyelinated, between or across the 
muscle-fibres (Fig. 345). Sometimes they formed 
new motor end-plates (Fig. 346). In extensor 
digitorum brevis very few individual motor nerve- 
fibres could be seen ; they appeared to be unmyelin- 
ated and motor nerve-endings, upon muscle-fibres, 
Were not seen. 

Bone: Lower fibula: The general thickness of 
cortical bone was normal, but the haversian canals 
were larger than normal and sometimes had osteo- 






clasts adherent to their walls. Around many canals ne a 
and deep to the periosteum there was polychrome- Fic. 344.—Case 12. Extensor digitorum brevis, show- 
Staining new bone. The medullary cavity contained ing small well-nucleated muscle-fibres (A) and a localized 


myxomatous connective tissue and fat globules. area of replacement fibrosis (B). T.S. H.&E. (x 75.) 


Head of 1st metatarsal : No significant abnormality 
could be seen in the cortical bone. There was the same Summary.—In a hand and a leg and foot removed 
myxomatous appearance of the medullary soft tissue. at post-mortem twelve months after exposure, in 
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which there had been no gangrene, the tissues were 
not restored to normal, changes being less severe in 
the hand. The arteries showed patchy Ménckeberg’s 


FiG. 345.—Case 12.—Regenerated motor nerve, lower 
fibres of flexor hallucis longus, showing ultraterminal 
fibre escaping from the neurilemma at (A) and passing, 
unmyelinated (B), across the muscle- fibre. L.S. Axis 
cylinder stain. (x 265.) 


sclerosis; the merves, severely damaged initially, 
showed regeneration short of full maturity; the 
muscles showed degenerative changes not noticeably 
increased peripherally. Nerve-fibres had returned 
to some muscle-fibres and were re-forming motor 
end-plates. Bone showed evidence of repair of 
previous osteoporosis. 

Case 13.—H. N. (coloured), aged 33. (Mr. G. H. 
Stevenson’s case.) 

CLINICAL NoTE.—Eleven days in an open boat in 
the North Atlantic in May. When rescued he was 
taken to St. John’s, Newfoundland, both feet being 
chilled; clinically, probably grade 9. Two weeks 
after immersion the right leg was amputated below 
the knee and a month later toes were amputated from 
the left foot. Two months after exposure a left 
Syme’s operation was performed. Eighteen and a 
half months after exposure this stump was amputated 
below the knee. 

SPECIMEN RECEIVED.—Amputated stump of left 
leg (Fig. 347). 

HISTOLOGICAL FINDINGS.— 

Skin: In the upper levels there were small lympho- 
cytic foci in the dermis. 

Vessels: The veins, both of the saphenous and 
deep systems, appeared healthy. The posterior tibial 
artery showed slight concentric intimal fibrosis with 
very slight focal calcareous medial degeneration. At 
the amputation level distended lymphatics accom- 
panied the artery. 

Tibial Nerve showed evidence of degeneration and 
regeneration short of maturity. Fibrosis was not 
present, but there was widespread oedema. At the 
proximal end of the specimen there were fewer large 
myelinated fibres than normal (Fig. 348). Below 
level 1 there was a very definite reduction in the 
number of large myelinated fibres, with an increased 
number of medium and small fibres, the latter being 
both myelinated and unmyelinated and running in 
Schwann tubes. Below level 2 very few large mye- 
linated fibres were present (Fig. 349). In all areas 
the products of demyelination were almost com- 
pletely removed. Damage to neural vessels was not 
seen. 
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; Muscle : This at all levels showed focal damage, 
increasing peripherally in extent but not in degree, 
From level 1 downwards there was marked cedema, 


FIG. 346.—Case 12. Regenerated motor nerves, lower 
fibres of flexor hallucis longus, showing terminations (A, 
‘ a or muscle-fibres. L. S. Axis cylinder stain. 

xX 265. 


The changes were either slenderness of hypernucleated 
striated fibres or swelling with vacuolar or granular 
degeneration (Figs. 350, 351). Fibroid degeneration 
was not seen, nor was there fibrous replacement. The 
muscle vessels were healthy. Below level 2 occasional 


FIG. 347.—Case 13. Amputated specimen. Levels 


of section indicated. 


hezmosiderin-containing phagocytes were evidence of 
old intermuscular hemorrhage. 


Bone: The fibula was examined. It showed 
evidence of patchy bone damage and repair. The 
general thickness of compact ‘bone was now normal, 
due to new bone laid down around haversian canals 
and to new subperiosteal bone (Fig. 352). Expanded 
haversian canals were often lined by osteoblasts. 
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Summary.—In a leg stump amputated eighteen 
and a half months after exposure there was slight 
medial calcification in the posterior tibial artery, a 


Fic. 348.—Case 13. Tibial nerve, above level 1, 
showing partial demyelination. T. S. Myelin sheath 
stain. (xX 280.) 


Fic. 350.—Case 13. Deep muscle of posterior com- 
partment, skin cut level, showing degenerative changes 
in muscle with atrophic thinning (A), and granular (B) 
degeneration. L. S. H. & E. (x 90.) 


change which may have been present before exposure ; 
the veins were healthy ; the nerves showed degenera- 
tion with regeneration short of maturity ; the muscles 
showed focal degenerative changes increasing in 
extent peripherally ; and the fibula showed restoration 
tonormal of patchy osteoporosis. 

Case 14.—F. F. (Mr. G. H. Stevenson’s case.) 

CLINICAL NoTE.—Torpedoed in November. Ten 
days in an open boat, three days without food or 
water. His legs became swollen from the knee down, 
black and bluey-grey. Clinically, grade 9. 

About five weeks after exposure his right foot was 
amputated. 

From his left foot the toes were missing, the skin 
being severely ulcerated, especially in the region of the 
0s calcis, which was exposed. 

Six months after exposure a small sequestrum 
separated from the left foot. Skin-grafting of the 
heel partially covered the ulcerated area. 

_ Twenty-six months after exposure the left lower 
limb was amputated below the knee. 
__ SPECIMEN RECEIVED.—Left lower leg and foot 
Fig. 353). 
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MACROSCOPICAL FINDINGS.—The toes were absent, 
the stumps being well healed. There was a superficial 
ulcer over the heel, partly covered by a skin-graft. 


Fic. 349.—Case 13. Tibial nerve, below level 2, 
showing further loss of myelinated fibres and Schwann- 
tube formation. Myelin sheath stain. (x 280.) 


_.. FIG. 351.—Case 13. Same muscle as in previous 
illustration, in transverse section. H. & E. (x 90.) 


FIG. 352.—Case 13. Bone, fibula, below level 1, show- 
ing new bone (darker) which has been laid down-subperi- 
osteally and around haversian canals. H.& E. (x 18.) 


HISTOLOGICAL FINDINGS.—Tissues were examined 
from levels 16 cm. and 6 cm. above the lateral malleolus 
and at the mid-tarsal level. 
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Skin from the upper medial aspect of the leg remaining were fairly sharply divisible into fibres of 
showed no abnormality. A vein of the saphenous large calibre and fibres of small calibre, the jatter 
system was healthy, although there was obvious running, with unmyelinated fibres, in neurilcmma 





Fic. 354.—Case 14. Tibial nerve, 16 cm. above tip of 
lateral malleolus, showing focal areas of myelin thinning. 
- S. Myelin sheath stain. (x Io.) 





Fic. 353.—Case 14. View of dorsum of foot. 


demyelination in the accompanying nerve. Perivas- 
cular foci of lymphocytes and plasma cells were present 
in the subcutaneous tissue. Lower down, skin and 
subcutaneous vessels were healthy apart from an area 
of chronic inflammation related to the heel ulceration. 
The skin of the dorsum of the foot with subcutaneous 
veins was healthy. A large cutaneous nerve showed 
well-marked demyelination, the neurilemma tubes 
containing proliferated Schwann cells. 

The posterior tibial, dorsalis pedis, and plantar Het: aches da: THe 4 oe. Oented 
vessels were healthy. lateral malleolus, showing increased loss of myelin sheaths 


‘cs — edema. T.S. Myelin sheath stain. 
x 10.). 








FIG. 356.—Case 14. Deep muscle from posterior com- 
partment of leg, 16 cm. above lateral malleolus, showing 
ee muscle nerve-leashes and healthy muscle- | 


fibres. L. S. Myelin sheath stain. (x 210.) 357-—Case 14. Flexor hallucis longus, 6 cm. 


above lateral malleolus, showing patchy nature of muscle 
damage. T. S. H. & E. (x 90.) 


The Tibial Nerve showed a definite loss of myelin- 
ated fibres from some nerve-bundles at the upper leg tubes filled with proliferated Schwann cells. There 
level (Fig. 354). Lower down the leg there was a_ was no fibrosis. In the medial plantar nerve no large 
further loss of myelinated fibres (Fig. 355). Those myelinated fibres were present. Small myelinated 
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aad unmyelinated fibres, both in fair numbers, were 
present. The contour of the myelinated fibres was 
very irregular, showing constrictions where Schwann 
cells and Schwann protoplasm partly filled the neuri- 
lmma tubes. Schwann cells were increased in 
number, and. there was slight endoneurial fibrosis. 
Muscle: Deep muscle of the posterior compart- 
ment at the upper level showed some concentric 
shrinkage of fibres away from their endomysial 
envelopes (fixation artefact), but it was otherwise 
healthy and well innervated (Fig. 356). At the lower 
leg level flexor hallucis longus showed occasional foci 
of small hypernucleated striated muscle-fibres amongst 
areas Of healthy-looking fibres (Fig. 357). The 
muscle nerve-leashes contained fewer myelinated 
fibres than normal. Extensor digitorum brevis and a 
deep sole muscle were composed of grossly atrophied 





Fic. 358.—Case 14. Extensor digitorum brevis, show- 
ing degeneration of muscle fibres-and fibrous tissue in- 
crease. L.S. Masson trichrome stain. (x 90.) 


muscle-fibres showing granular and vacuolar degenera- 
tion and occasional fibrotic differentiation, lying 
amongst oedematous fibrous tissue (Fig. 358). Some 
slender well-striated miuscle-fibres were present. 
There were occasional hemosiderin-containing phago- 
cytes. Nerve-bundles showed marked demyelination. 

Bone: Fibula: ‘The cortical bone appeared of 
normal thickness, with haversian canals of normal 
calibre. There was evidence of new-bone formation 
subperiosteally and around the haversian canals, a 
process now quiescent. 

Central portion of cuboid: The bony trabecule 
were thin ; there was evidence of new-bone formation. 
One focus of chronic inflammatory cells was seen. 

Head of 1st metatarsal showed complete absorption 
of the articular cartilage and of much of the cortical 
and medullary bone. New-bone formation was pro- 
ceeding distally, where the head was clothed with 
fibrous tissue and intact squamous epithelium. 

X-ray Examination of Left Foot and Short Length 
from Lower Leg (Dr. McWhirter).—In the left foot 
there is decalcification present and all the phalanges 
are absent with the exception of the proximal portion 
of the proximal phalanges of the second and third 
toes. There is deformity of the heads of the 1st and 
5th metatarsals and the joint surfaces in both cases 
have been destroyed. The medial sesamoid of the 
gteat toe is absent. In the cuboid there is a more 
Pronounced area of rarefaction with alteration in the 
trabeculation indicating bone damage followed by 
some repair. The spurs on the os calcis are of long 
standing. 
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Section of Lower Leg: There is probably no change 
present in the bone. 

Summary.—In a lower limb from which the ‘toes 
had separated, removed twenty-six months after 
exposure, the damaged soft tissues were not restored 
to normal. The blood-vessels appeared healthy. 
The nerves showed degeneration increasing peri- 
pherally with regeneration short of maturity. The 
muscles showed degenerative changes increasing 
peripherally, the foot muscles showing no evidence of 
regeneration. Bone showed evidence of partial repair 
of previous osteoporosis. 


DISCUSSION 


The table on p. 348 will serve as a basis for 
discussion of the pathological findings, which have 
been already described individually and at some 
length in the previous section. 

The cases have been arranged chronologic- 
ally, and it can be seen that the intervals of time 
between exposure and removal of the specimen 
are fortunately spaced, except in the early post- 
exposure period. No material from recently 
rescued cases reached the laboratory, and it 
has thus not been possible to study the early 
bodily reactions. Material was obtained from 
two recent survivors by Surg.-Lieut. R. D. 
Wilkins, R.N.V.R., and Surg.-Lieut. G. McBain, 
R.N.V.R., but it was destroyed by enemy action. 
Help in visualizing the early reactions may be 
obtained from the findings in the experimental 
animal (Blackwood and Russell, 1943). 

The reactions of the body tissues may for 
convenience be considered individually, with 
emphasis upon the uncomplicated cases. 

Changes in the Arteries.—The large 
arteries showed no marked narrowing in any case. 
Slight intimal and medial fibrosis was sometimes 
present (see Figs. 303, 327), also cedema. Medial 
calcification was present in Cases 12 and 13, 
men aged 55 and 33 respectively, of the type 
known as Monckeberg’s sclerosis. The smaller 
arteries showed marked narrowing only immedi- 
ately proximal to chronic infection, as in Cases 
5 and 10, and in one tibial nerve perineurial 
arteriole in Case Io. 

It is considered that the arterial changes 
seen in these cases do not differ significantly from 
the expected normal for hard-living men. This 
is a point of distinction from frost-bite, where 
obliterative endarteritis develops (Ducuing et 
al., 1940). 

A common feature of immersion feet in the 
later stages is that they are cold sensitive or that 
their vessels fail to dilate readily on body warm- 
ing (Ungley, 1943). Such abnormal function 
might be expected to have an organic basis. 
There was no evidence, however, that the basis 
of this, or of any other abnormal clinical finding 
in the living part of the limb, was to be found 
in organic arterial narrowing. Lewis (1937-38) 
found that the digital arteries of fingers exhibiting 
a moderate degree of cold sensitivity showed 
intimal fibrosis, but of a degree not greater than 
that shown by controls. 
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The arteriolar narrowing immediately proxi- 
mal to chronic infection is a customary tissue 
reaction. 

Changes in the Capillaries.—No signific- 
ant changes were seen in the capillaries, but 
there were pericapillary foci of chronic inflam- 
matory cells in Cases 2, 5-9, I1, and 14, all 
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restricted to areas close to gangrenous or chroriic- 
ally inflamed extremities. 

Changes in the Muscles.—In the patient 
who died half an hour before rescue (Case 1), the 
muscles of the leg and foot showed patchy acute 
degenerative changes known as Zenker’s hyaline 
necrosis, the quantitative involvement of the 


DETAILS OF CASES 
























































ae. ™ cea 
BETWEEN EXPOSURE ATURE OF RADE OF 
CASE AND REMOVAL SPECIMEN SEVERITY REMARKS 
OF SPECIMEN OF CONDITION 
I — Foot 4 0r § Patient died during exposure 
2 8 weeks Toes 8 Infection and gangrene 
present 
3 10 weeks Digital nerve 6 Infection and gangrene not 
present 
4 4 months Digital nerve 7 Infection and gangrene not 
present 
5 4 months Leg stumps 9 Previous gangrene of feet. 
Infection present distally 
6 7 months Trimmings from 9 Previous amputation for gan- 
below-knee grene. Infection of speci- 
re-amputation men not present 
7 7 months Toes 9 Infection present in foot 
8 7 months Trimmings from 9 Previous amputation for gan- 
below-knee grene. Infection not present 
re-amputation in specimens 
9 74 months Big toe stump 5 Toe tip lost secondary to 
gangrene. Infection not 
present in specimen 
10 Io months Tibial neurovascular 9 Previous gangrene of feet. 
bundles ; foot Chronic infection present 
muscle distally 
II Io months Tibial neurovascular 9 Previous gangrene of feet. 
bundles; flexor Chronic infection present 
hallucis longus distally 
12 I2 months Foot; leg; hand 7 Infection and gangrene not 
present 
13 19 months Leg stump 9 Previous amputation for 
gangrene. Infection not 
present in specimen 
14 26 months Leg; foot 9 Toe lost secondary to gan- 
grene. Infection present 
in heel 

















cases complicated at some time by infection 
and/or gangrene. 


Hemosiderin-containing phagocytes were on 


occasion seen within the muscles (see later). 


Changes in the Veins.—Fibrous narrowing 


of small veins, with evidence of old hemorrhage 
into and around their walls, was seen in Cases 
2, 5-7, 9, and II, either near gangrenous ex- 
tremities, in chronically infected leg stumps, or 
near an old amputation. 

The large veins showed significant narrowing 
due to patchy recanalized thrombus only in Case 
5, where the leg stumps were chronically infected. 
No such abnormality was present in the larger 
specimens in Cases 12 and 14. 

Thus stasis of blood upon the venous side, 
with diapedesis, thrombosis, and intimal fibrosis, 
did occur, but such changes were in most cases 





muscle-fibres increasing peripherally. It is of 
interest here to note that when the rectus ab- 
dominis suffers Zenker’s necrosis in typhoid 
fever, it becomes very brittle and friable, so that 
fibres often rupture with the production of 
hemorrhage (Zenker, 1863). Thus muscle tearing 
may be the source of some of the intermuscular 
hemorrhage in immersion foot. 

Muscle was not seen again until four months 
after exposure (Case 5). In the experimental 
animal (Blackwood and Russell, 1943), the early 
part of this interval was occupied by inflammatory 
changes in the necrotic muscle-fibres, resulting 
in the production of slender hypernucleated fibres. 
It seems likely that a similar process occurs in 
man, but of this there is no histological proof. 

From four months onwards the human picture 
was one of variation in fibre calibre, many being 
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slender, hypernucleated, sometimes exhibiting 

ular or vacuolar degeneration, with relatively 
little fibrosis. These changes were indistin- 
guishable from those due to denervation and 
were associated with marked. degeneration of 
muscle nerves. In addition there were occasional 
small areas of replacement of peripheral muscle- 
fibres by fibrous tissue, suggestive of a local 
area Of initial irreversible damage, probably not 
an area of muscle infarction due to ischemia, but 
more likely secondary to a muscle tear. 

At twelve months (Case 12), there was evid- 
ence of re-innervation of proximally situated 
muscles in the lower limbs. At twenty-six 
months after exposure (Case 14), restoration to 
normal had spread farther down the limb, but 
changes indistinguishable from prolonged de- 
nervation were still present in extensor digitorum 
brevis and deep sole muscles. 

For a muscle to be normal histologically, 
its fibres require to be anatomically perfect, 
with healthy motor end-plates and well-myelinated 
motor nerves. The prolonged failure of restora- 
tion to normal of distally situated muscles in 
these cases may be due to several factors. The 
initial necrosis, involving all or part of a muscle- 
fibre, must have affected the anatomical structure 
of some fibres and possibly of some motor end- 
plates, so that. the regenerating nerves (see 
Changes in Nerves, below) would return, in 
many cases, to anatomically abnormal plates and 
fibres, and would be unable to form a proper 
physiological union. 

Apart from the initial damage to these struc- 
tures, there is the effect of prolonged denervation. 
Long delay before the regenerating axons return 
leads to degenerative change in motor end-plates 
and muscle-fibres, and that in itself impedes 
anatomical and functional recovery (Gutmann 
and Young, 1943). 

Peripheral vasomotor disturbances are known 
clinically (Ungley and Blackwood, 1942) to be 
present often in these limbs and cannot be 
without effect upon the healing of tissues. 

Changes in Nerves.—The histological find- 
ings leave no doubt that there was an organic 
basis for the clinical neurological findings. 

In the patient who died before rescue, the 
time, in the circumstances, was hardly long 
enough for definite histological changes to appear 
in the nerves. In all cases surviving exposure, 
some degree of nerve degeneration was present. 
In severe cases this had an upper limit of about 
knee level, and the extent of the damage, in 
number of myelinated fibres involved, increased 
peripherally. 

At intermediate levels, in late survivors, there 
were usually myelinated fibres of two distinct 
sizes, one large, one small (see Figs. 329, 341). 
The small fibres ran, with large numbers of 
unmyelinated axons, in neurilemma tubes con- 
taining proliferated Schwann cells, and were 
therefore regenerating fibres. The large-sized 
myelinated fibres were few in number and ran 
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alone. If these large fibres were regenerated, 
then it is strange that there were few or no 
fibres of intermediate size; for in a peripheral 
nerve which is regenerating after a gunshot 
wound, by the time that the distal portion shows 
myelinated fibres of large calibre, there are 
usually also large numbers of myelinated fibres of 
intermediate size. This is also so in the experi- 
mental animal, below a crushed nerve (Gutmann 
and Sanders, 1943). Thus it appears likely that 
the large fibres were some which had survived 
the original trauma. Subtotal initial nerve 
damage was seen in the experimental animal 
(Blackwood and Russell, 1943), and this point 
could be verified in man if nerves from recently 
rescued cases were available. 

At lower levels the nerves of late survivors 
contained only fine regenerated axons which 
became myelinated in the longest survivors. 
These nerves ran in neurilemma tubes surrounded 
by an increased amount of endoneurial fibrous 
tissue, and in Case 12 there was well-marked 
perineurial fibrosis. In a regenerating nerve the 
axis cylinder tips always lie some distance ahead 
of the level of myelination (Young, 1942), and 
moderate endoneurial and perineurial fibrosis 
is a feature of peripheral nerves which have been 
degenerated for a long period of time (Holmes 
and Young, 1942). Thus the appearances at 
the lower levels were similar in type to those seen 
during re-innervation of long-denervated ex- 
tremities. It is probable that the fibrosis which 
had occurred in these nerves would impede 
further maturation, but it is not possible with 
this series of cases to decide whether this process 
had reached the end stage. 

Cutaneous sensory nerve-endings were speci- 
ally studied in two uninfected cases. In the 
patient dying during exposure (Case 1), significant 
abnormality was not observed. Twelve months 
after exposure (Case 12), healthy innervated 
nerve-endings were detectable in the finger pulp. 
In the toes the endings were not innervated. 
Pacinian corpuscles were still present and showed 
an increase of collagen in the central neural canal. 
Meissner’s corpuscles were not visible. 

It is of interest to see what information these 
cases can give as to the rates of nerve regeneration 
in immersion foot. 

There was never any evidence that the 
lesion was other than one “ in continuity ”’, with 
significant damage to other than the axis cylinders 
and myelin sheaths. It is suggested that in the 
severe cases the upper level of the lesion was just 
below the knee. Animal experiment has shown 
(Gutmann et al., 1942) that with a lesion in 
continuity (crush) there is an initial delay of 
five days before the first axis cylinders commence 
to grow down the distal portion of the nerve, 
and of twenty days before maturation to a level 
of functional completion (maturation of many 
fibres to myelination stage, but only to small 
myelin diameter) (Gutmann and Sanders, 1943) 
begins to spread down the nerve. In Case § 
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(an infected case) many axis cylinders had reached 
a level 200 mm. below the knee in 120 days, 
giving a rate of axis ee ee of 


myelin sheaths were just reaching the lower 
levels, giving a rate of myelination of 2 mm. /day 


200 
(aa— 35) 


In Case 12, in one year, many axis cylinders 
had reached the digital nerves of the toes, a 
distance of 540 mm., but not the cutaneous nerve- 
endings, and myelination had just reached the 
mid-tarsal level, 425 mm. These give rates of 
advance of ge eal tips of more than 1°5 


mm./day fae 


I°2 mm. /day eee 


that myelination would spread more slowly as 
the distance from the start increased (Young, 
1942). In Case 14 myelination was well marked 
at mid-tarsal level, 425 mm., in twenty-six 
months, giving a rate of myelination of more than 


0-5 mm./day apes) 


These figures are few and only approximate ; 
for the lower limbs are not of equal length in all 
men, nor is the upper level of initial degeneration 
certain in these cases. They suggest a down- 
growth, after the initial pause, of axis cylinder 
tips at a rate of more than 1-7 mm./day; and of 
myelin sheaths at a rate of 2 mm./day over short 
distances, and of 1:2 mm./day over longer distances. 

The animal figures (Gutmann and Sanders, 
1943) after crushing are: rate of advance, after 
the initial pause, of axons 4-4 mm./day and of 
functional completion 3-0 mm./day. In man the 
rate of functional recovery after a lesion in 
continuity is 1-3 mm./day (Seddon et al., 1943). 
These figures relate to uncomplicated nerve 
lesions, and, in the case of myelination, to a level 
of maturity compatible with functional recovery, 
and they are therefore to be compared cautiously 
with the rates calculated histologically in immer- 
sion foot. 

For practical purposes it is better to compare 
clinical rates of recovery, which cannot be 
computed from the data in this paper. 

Changes in Bone.—In uninfected cases, 
where bone was available for study, there was 
new-bone formation subperiosteally and around 
the haversian canals to a degree sufficient to 
reconstitute the radiographic normal. This was 
evidence of repair of the initial osteoporosis which 
is a clinical feature of early survivors. 


SUMMARY 


A histological study of tissues from cases of 
immersion foot showed that damage was done to 


more than 1-7 mm./day jane 





3)» and of myelination of 


It is to be expected 
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all tissues in the extremity. Blood-vessels, 
muscle, nerve-trunks, and bone were particu! arly 
examined. The relative severity of injury to 
the tissues varied, being most severe in nerves 
and muscles. Material from early survivors was 
not available, but it is likely that the early histo- 
logical reactions are similar to those seen in the 
experimental animal. There was evidence of 
restoration towards or to normal.of tissues which 
had not been killed by the initial trauma. Nerve 
regeneration occurred, and though slow did not 
appear to be grossly so; and denervated muscle 
returned to normal, provided that the delay was 
not so long that irreversible degeneration and 
fibrosis had ensued. 

Summaries of the available clinical notes have 
been given, but no detailed correlation with the 
histological findings has been attempted. Cor- 
relation with the histological changes in human 
trench foot has not been possible, owing to a 
lack of records of histological findings in this 
condition, but from the clinical study (Lewis, 
1941) there is little doubt that they would be 
similar in type. 


It is a pleasure to express my debt to Professor 
A. Murray Drennan, Professor J. R. Learmonth, 
Temporary Surgeon Rear-Admiral J. W. McNee, 
and Surg.-Cdr. C. C. Ungley, R.N.V.R., for the 
organization through which this study was 
possible ; to Professor Drennan for his encourage- 
ment and criticism; to Dr. R. McWhirter for 
the radiological reports ; to those concerned for 
the clinical notes; to Messrs J. Z. Young, W. 
Holmes, and E. Gutmann for showing me their 
experimental material ; to them and to Dr. J. G. 
Greenfield for criticism and discussion from which 
I have freely borrowed ; to the Wilkie Research 
Fund for a grant; to Mr. J. C. Somerville and 
Mr. R. D. Allan for the histological preparations ; 
and to Mr. T. C. Dodds for photographs. 
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RESTORATION OF LIMB FUNCTION 





THE PROBLEMS AND PRINCIPLES OF THE RESTORATION OF LIMB 
FUNCTION FOLLOWING INJURY, AS DEMONSTRATED BY HUMERAL 
SHAFT FRACTURES 


By F. S. A. DORAN, SQUADRON-LEADER, R.A.F.V.R. 


THE use of plaster casts in the treatment of 
fractures was introduced by Mathysen in 1852, 
but it rapidly fell into disfavour on account of 
the permanent and incapacitating atrophy of the 
musculature and stiffness of the joints produced 
by this method in the limb concerned. That 
the severe incapacity which resulted presented a 
difficult problem to subsequent authorities may 
be judged from the method of treating fractures 
employed by Lucas-Championniére. This sur- 
geon would allow no immobilization at all, and 
sometimes he purposely refrained from reducing a 
fracture because the reduction could not be main- 
tained without splintage. His method was to 
prescribe, from the first day, passive movements 
to prevent stiffness and massage to obviate muscle 
wasting. But his hopes were not fulfilled, and 
additional problems resulting from non-union and 
malunion occurred. 

The antithetic therapeutic requirements of a 
fractured limb, the immobilization of the fractured 
bone and mobilization of the joints and muscles, 
were to a large measure successfully combined in 
the practical solution of the problem set out by 
Bohler. He demonstrated that if the fracture 
was efficiently immobilized in a plaster cast, and 
the patient was then made to use, actively, all 
the joints not included in the plaster, the 
degree of joint stiffness and muscle atrophy was 
greatly diminished. This authority attributed 
the success of the method to the isometric synergic 
contractions of the muscles lying within the cast 
brought about by the active functioning of the 
joints that were not fixed. Not only was muscle 
atrophy prevented, but the muscular contractions 
maintained the circulation of the part, thereby 
obviating static cedema. In addition, Bohler 
pointed out that whereas active movements 
could be carried out by the patient throughout 
the day, passive movements performed by a 
masseur could only be applied for about half 
an hour. 

The conviction that the factors concerned 
with joint stiffness were intimately related to the 
degree of muscular atrophy, made Bohler carry 
the principle of active function into the after- 
treatment of all fractures. That he hoped after- 
treatment would be rendered almost unnecessary 
can be discerned in the following sentence: 

The treatment of the fracture must be so 
arranged from the very first day that the common 
Sequele are avoided and there remain then for 
after-treatment only more or less trivial dis- 
abilities”. Where, in spite of the new method, 
muscular atrophy, cedema, and joint stiffness 


occurred, this authority prescribed massage, 
active and passive movements, faradic electricity, 
and heat. 

The hope that after-treatment could be 
reduced to the small problem of overcoming 
** more or less trivial disabilities ’? was, however, 
not completely fulfilled, and in 1936 a more 
detailed pathological basis of joint stiffness, 
following trauma, was given by Watson-Jones. 
He agreed with Boéhler’s opinion that stiffness 
was not due to immobilization but to functional 
inactivity, and he suggested that the underlying 
pathological explanation for the observed fact, 
that joint stiffness resulted in proportion to 
the degree of functional inactivity of the part, 
was to be found in the formation of adhesions 
between capsular plications and between ruscle- 
groups. These adhesions, it was pointed out, 
were the natural outcome of the organization of 
the serofibrinous exudate which accompanies 
an injury, and occur not only at the actual site 
of injury due to trauma, but also peripherally, 
especially in the peri-articular region, due to the 
venous stasis resulting from muscular inactivity. 

In addition to this fundamental condition 
several aggravating factors were described ; one, 
that of the injurious effect produced by passively 
stretching a stiff joint, being of particular import- 
ance to the present discussion. The remaining 
factors were added: injury actually involving 
a joint, infection near a joint, and the presence 
of a foreign body near a joint. In respect of this 
last factor, a skeletal traction pin was specifically 
mentioned. The injurious effect in each case 
was presumed to be due to the additional recur- 
rent outflow of serofibrinous material leading to 
the formation of more adhesions. The diminu- 
tion of the range of movement following upon 
repeated passive stretching and forced manipula- 
tions, in patients with stiff elbows resulting from 
trauma, was established by Watson-Jones’s 
measurements, and he was able to show that the 
range of movement steadily decreased as long as 
that type of treatment was continued. This 
observation made him conclude that the mobiliza- 
tion of a stiff joint should be carried out solely 
by the patient’s own active exercises, passive 
manipulation being reserved for those cases in 
which the contracture was due to a localized 
avascular band of adhesions. 

Both the authorities mentioned above were 
convinced of the prophylactic value of maintaining 
the power of the muscles during immobilization, 
in order to prevent stiffness, and Watson-Jones 
insisted on the principle of active mobilization 
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during after-treatment, because, as he said, the 
most frequent cause of post-traumatic joint stiff- 
ness was the “massage and movements”? commonly 
prescribed for its cure. Neither of them had 
specifically stated, however, that muscle power, 
irrespective of the cause or site of the limiting 
adhesions, was the real key to success in the 
restoration of joint movement and limb function, 
as a therapeutic rather than as a prophylactic 
measure. This further step was taken by 
E. A. Nicoll, whose experience as surgeon in 
charge of the Miners’ Rehabilitation Centre at 
Mansfield convinced him that when all splintage 
had been discarded ‘“‘the recovery of function 
depends ultimately on the muscles, which may 
be affected either directly at the time of injury 
or by atrophy due to disuse ”, and he stressed 
the point that mobility, if re-established, was 
only of advantage if it was under sufficient 
muscular control to enable the patient to with- 
stand the stresses normally encountered at his 
work. 

The position had thereby been reached where, 
apart from a small number of cases in which 
passive manipulation was indicated, the restora- 
tion of the range of movement in a stiff joint was 
viewed as a struggle between the toughness of the 
adhesions, wherever they might be situated, and 
the power of the muscles. The corner stone of 
rehabilitation, therefore, in the absence of any 
complicating factors, is the restoration of the 
muscular power of the limb to that point at which 
it is capable of gradually stretching the adhesions 
responsible for the limitation of movement, or 
of providing a good functional result when, due 
to the pathological conditions concerned, the 
restoration of mobility is impossible. 

The Causes of Joint Stiffness.—A dimin- 
ished range of movement in a joint may result 
from traumatic or non-traumatic causes. In 
certain cases the trauma may be complicated by 
a pre-existing lesion predisposing to stiffness. 
These non-traumatic factors consist of any 
congenital or acquired lesion of nerve, muscle, 
bone, or joint. But as the present discussion is 
based upon material derived from the flying 
personnel of the R.A.F., all of whom are excellent 
physical specimens in the third decade of life, 
these complicating factors can be disregarded. 
This selected material has the advantage that it 
enables us to simplify the problem. 

First, it is presumed that the fracture has 
united soundly, and that all immobilization has 
been discarded; second, that recovery is not 
being prevented by pain and reflex muscular 
spasm. This restriction of our field of inquiry 
enables us to state the causes of joint stiffness 
in their simplest forms. The cause may be :— 

a. Articular, where, excluding an osseous or 
fibrous ankylosis, the stiffness may be due either 
to the formation of a bony obstruction caused by 
the displacement of the articular elements of the 
bones concerned, or to shortening of the capsule, 
with or without the laying down of inelastic 
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lying structures with scar tissue. 
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pericapsular fibrous adhesions. Solitary i: ¢ra- 
articular adhesions are too rare to call for fur her 
notice. But the presence of traumatic myositis 
ossificans, especially on the anterior aspec: of 
the elbow-joint, should be noted. 

b. Muscular. Two types of lesion lie within 
this group. First, the loss, or diminution, of the 
normal muscular properties of contraction and 
elongation due to intramuscular fibrosis, or by 
the binding of the muscle to the bone and over- 
Second, the 
loss, whole or partial, of muscle function due to 
division of its motor nerve or gross destruction 
of muscular tissue. 


RECOVERY OF JOINT MOVEMENT 


(An analysis of 76 fractures of the humeral shaft 
treated in the R.A.F. orthopedic service.) 


It is generally accepted that the recovery of 
joint movement and limb function following a 
fracture is influenced by other factors in addition 
to efficiency of the primary treatment. 

The most important of these factors would 
appear to be age of the patient, site of the fracture, 
the severity of the injury (as shown by comminu- 
tion, increased length of union time, soft tissue 
damage), prolonged immobilization, and failure 
to maintain functional activity during the period 
of fixation. It is this group of factors which will 
be considered in the present survey, because it 
has already been decided that it is to be confined 
to the problem of rehabilitation. Therefore, 
delaying factors which are primarily complica- 
tions, such as new injuries, osseous obstructions, 
gross malunion, and non-union, can be disregarded 
because there are no cases in this series in which 
they are present. A simple analysis can be 
successfully prosecuted provided that the material 
is suitably grouped, but the failure to perform 
this step would mean that virtue might be 
attached to a certain type of therapy, which was 
in fact an absolute delusion, the apparent superior- 
ity being due to the fact that the figures had 
arisen from two groups of material so completely 
different that they should haver have formed the 
basis of a serious comparison. 

a. The Age Factor.—Fig. 359 shows that 
the great majority of the patients in this series 
are below 30 years of age; in both the flying 
and non-flying groups this age period contains 
80 per cent of each category. The age factor 
can, therefore, be disregarded from our further 
calculations as it is unlikely to be an influential 
factor. 

b. The Site and Mode of Fracture.—The 
deleterious effect on final recovery of a fracture 
which lies near to, or involves, a joint is generally 
admitted. The truth of this assertion is well 
shown by Fig. 360, which reveals that, both m 
flying and non-flying categories, only about half 
as many fractures of the lower third of the 
humerus obtain a full range of elbow movement 
when compared to the results following fractures 
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through the middle third. There can be no 
doubt, therefore, that the results obtained from a 
given method with the lower fractures can only be 
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_ Fig. 360 also demonstrates that the mode of 
injury is important, for not only are the results 
following a fracture of the middle third twice as 
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Fic. 359.—Showing the age incidence of flying and non-flying accidents. 
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FIG. 360.—Relationship of fracture site to recovery of 
movement, flying and non-flying accidents combined. 


compared with other methods provided that they 
have also been applied to lower-third fractures. 


good as those in the lower third, but that the 
results of non-flying accidents are twice as good 
as the flying. It will be necessary, therefore, 
to subdivide the results not only according to 
the fracture site, but also with reference to 
whether they occurred in a flying accident or 
not. 

If the range of elbow movement is divided 
into extension, from 90 to 180°, and flexion from 
90 to 30°, it will be found that the effects of the 
two factors under discussion are more important 
in their influence upon extension than upon 
flexion. Fig. 361 shows that about 20 per cent 
more middle-third than lower-third fractures 
achieve full flexion, and if this material is divided 
into flying and non-flying groups the same type 
of relationship is still found to exist. 

The larger number of degrees available below 
the right angle makes a much more informative 
picture with regard to extension than we have 
just seen to be the case for flexion. Ignoring all 
other factors, to begin with, except the fracture 
site, enables us to see, in Fig. 362, that twice as 
many middle-third fractures achieve full extension 
as compared to the lower-third fractures. And 
when we split this group up into flying and non- 
flying categories, Figs. 363, 364, we see that 
although the incidence in the two groups is 
dissimilar, the relation with regard to the influence 
of fracture site remains approximately the same. 
These two figures also re-emphasize the point 
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shown in Fig. 360, that the chance of recovering asinaflyingone. It is apparent from these fig:ires 
a full range is not only twice as good for middle- that not only should comparative material be sub- 
as lower-third fractures, but also in each group divided according to fracture site, but it must be 
it is twice as favourable in a non-flying accident further subdivided according to mode of injury. 
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Fic. 361.—Relationship of fracture site to recovery of movement, flying and non-flying accidents combined. 
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FIG. 362.—Relationship of fracture site to recovery of movement, flying and non-flying accidents combined. 
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c. Severity of Injury.—Although in an 
individual case a non-flying accident may be 
just as severe as a flying one, it is reasonable to 
suggest that as a flying accident is always a high- 
velocity injury, the explanation for the different 
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Fic. 364.—Relationship of fracture site to recovery of movement in non-flying accidents. 


end-results in regard to mode of injury as 
demonstrated by Figs. 360, 363, 364, lies in the 
greater frequency of a more severe injury, espe- 
cially to the soft tissues and vascular supply of 
the parts, in flying accidents. This suggestion 
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FIG. 363.—Relationship of fracture site to recovery of movement in flying accidents. 
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is supported by Fig. 365, which shows the 
percentage of comminuted fractures which result 
from flying injuries to be considerably higher 
than that following non-flying injuries. 


In 





addition, it is difficult to put forward any o‘her Jj or le 
explanation than severity of initial injury, to J jp th 
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Fic. 365.—Percentage of comminuted fractures in flying and non-flying accidents. 
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FIG. 366.—Period of immobilization required to achieve union. 
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or less, 65 per cent of the non-flying ones unite that a high percentage of the fractures due to 
inthat period. This relationship is demonstrated flying accidents were improperly treated in the 
in Fig. 366. It would seem probable from this first place, in contrast to the non-flying. 

observation that the high-velocity accident is The most commonly recorded indication of 
responsible for a considerable disturbance of the the severity of an injury is perhaps whether it is 
blood-supply of the bone, as it is hard to believe compoundornot. In the present series, however, 
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Fic. 367.—Percentage of compound fractures in flying and non-flying accidents. 
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Fic. 368.—Time needed to obtain union in 34 cases in which a full range was achieved. 
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the percentage of compound fractures is 16 per 
cent in both flying and non-flying groups, as 
Fig. 367 demonstrates. Infection cannot, there- 
fore, have exerted a significant influence on this 
series in any of its subdivisions. 

d. Length of Immobilization.—Arguing 
from the facts that flying accidents are kept 
immobilized for longer than non-flying, and that 
a much higher percentage of the latter regain a 
full range of elbow movement, it is perhaps 
tempting. to blame the prolonged fixation. It 
has, however, been shown experimentally that 
fixation of a joint does not produce serious stiff- 
ness, and this is supported by the vast difference 
in the amount of stiffness that follows femoral- 
shaft fractures as compared to fractures of the 
shafts of the tibia and fibula, even when allowance 
has been made for the greater length of fixation 
required in femoral fractures. A further, if 
somewhat inconclusive, hint in the same direc- 
tion is provided by Fig. 368, which shows that in 
the flying accidents of the present series which 
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to a misleading assessment of the factors conce: 1ed 
with recovery. 


THE TIME NEEDED TO OBTAIN A FULL 
RANGE OF MOVEMENT 
(Analysis of 34 cases treated by the R.A.F. 
orthopedic service.) 


In the present series of uncomplicated 
fractures of the humerus, 43°6 per cent recovered 
a full range of elbow movement. It is surpris- 
ing to discover, however, in spite of all the 
deleterious effects connected with high-velocity 
accidents and low fracture site which have been 
noted already, that with regard to the time 
required to achieve a full recovery there is 
practically no difference between flying and non- 
flying injuries. Fig. 369 shows that over 90 
per cent of the cases in each group achieve their 
recovery in eight weeks or less. This finding 
is important in wartime, for it suggests strongly 
that if a full functional and physical recovery is 
going to occur it will do so in two months or less, 
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Fic. 369.—Time needed to obtain full range of movement in 34 cases. 


achieved a full range of elbow movement, an 
equal number were immobilized for over nine 
weeks as for under nine weeks. 

The important factors influencing the final 
results in the present series of 76 fractures, from 
which all complicated cases have been excluded, 
appear to be the site of the fracture and its mode, 
presumably due to severity, of production. Cross 
comparisons between the groups outlined above, 
because of their basic differences, can only lead 





ANALYSIS OF THE RECOVERY 
OF MUSCULAR POWER 
(R.A.F. Cases) 


A full investigation of this aspect of rehabilita- 
tion has proved impracticable owing to the fact 
that the system of exercises employed in the 
Royal Air Force is primarily concerned with 
movement and co-ordination and not with power. 
Ranges of joint movement are always recorded, 
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but muscular power is estimated clinically and 
not routinely measured in pounds. 
hints are therefore available, but they show that 
a deficiency is being allowed to pass almost with- 


out notice. 


Only a few 


An approximate normal for the power of the 
elbow flexors in men of the third decade has been 
constructed by measurements carried out on 


patients without arm injuries. 


The result of 


this investigation is shown in Fig. 370. It 
reveals that the great majority lie between 30 lb. 
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Fic. 370.—Analysis of the power of the elbow flexors in 75 normal limbs. 
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and 45 lb. in power, and that there are two main 


bands in this sector. 


In the left arm 73 per cent 


are distributed in roughly equal amounts in the 
30-35 lb. band and in the 40-45 lb. band ; for the 
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I Fraser A.C.2 58°-150° 10 lb. 
2 Marris CPL. ? 15 lb. 
3 Richardson A.C. 50°-145° 1r lb. 
4 Fairbairn SGT. Full 22 Ib. 
5 Jackson L.A.G. 40°-160° 15 lb. 
6 Sellars A.C. Full 15 lb. 
7 Winterbottom A.C. Full 15 lb. 

8 Harling A.C. 46°-65° | (?) 15 lb. 
is Button ALC. Full 1§ lb. 

















Fic 371.—Power of the elbow flexors in a_ short 
series treated by free-swinging method of rehabilitation. 
Measured on day of discharge by Flight-Lieutenant 


Barrington, M.R.U., Loughborough. 
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right arm the same is true, except that it comprises 
only 64 per cent of the total. In addition, it 
will be noted that the average power of the right 
as compared with the left side is within 2 lb., so 
that for practical purposes it is reasonable to 
take the strength of the uninjured limb as the 
* normal ’. 

Having constructed a ‘norm’, we are in a 
position to examine the results which are being 
achieved by our current methods. Fig. 371, which 
was kindly made for the writer at another of the 
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R.A.F. orthopedic rehabilitation centres by Flight- 
Lieutenant W. R. Barrington, reveals that in a short 
series only one man out of nine had had his flexor 
power restored to over 20 lb., in spite of the fact 
that 7 cases had either a full or good range of 
movement; this finding is in accord with the 
writer’s own experience during a four-weeks’ 
test of the relative capacities of the free-swinging 
and resistance methods in the restoration of 
muscular power. These results are discussed 
later in this report, and are contained in Figs. 
375, 376. 

Only one more factor merits notice at this 
stage, and that is the loss of muscular power 
which is to be expected following a fracture of 
the upper limb around the elbow. On admission 
to No. 2 A.C.D. the power of the flexors was found 
to vary from 2 lb. to 20 lb. (Fig. 372), half of the 
cases having a strength of less than 10 lb. At 
the most favourable, therefore, rehabilitation has 
to restore 18 lb. of power, at the worst 36 lb., and 
usually about 25 lb. of power. Fig. 371 reveals 
that this restoration is not being achieved by 
present methods. 
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THE TYPES OF REMEDIAL WORK 
EMPLOYED IN THE R.A.F. 
CENTRES 


There are two distinct systems of remedial 
exercises, each of which has been developed in 
Scandinavia, and each being directed to the 
achievement of a different object. The aim of 
the Swedish school of remedial gymnastics is 
contained in Kleen’s definition of remedial gym- 
nastics as the treatment of a patient by exercise 
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and deformities which have not yet reached :uch 
a degree that they fall within the sphere of or -ho- 
pedically trained doctors’. The Danish sysiem, 
therefore, is in no way concerned with, or designed 
to overcome, the results of limb injuries. Yet 
it is upon this latter system that many of the 
remedial exercises practised in the rehabilitation 
centres of the Royal Air Force are based. Let 
us now examine the remedial work of these two 

schools. 
a. The Swedish School.—In the standard 
book based on this School 
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Arvedson (1931) divides gymnas- 
tic measure into active, where 
the movements are performed by 
the patients’ muscles, and passive 
where the movements are per- 
formed by some outside force, 
Regarding the latter type, error 
may arise if it is forgotten that 
the patient’s own body-weight 
constitutes a passive ‘ outside 
force’ relative to an injured limb 
—for example, when part of the 
body-weight, supported on the 
hands, is allowed to force the 
limited flexion of an elbow beyond 
the available range. This warn- 
ing is necessary because it is quite 
easy to overlook the dangerous 
passive element present at the 
limits of an otherwise active 
exercise. 

Arvedson (1921) proceeds to 
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Fic. 372.—Power of elbow flexors on day of admission of 11 cases to No. 2. A.C.D. 


of the organs constituting the motor apparatus 
by maintaining certain positions for short periods 
and by performing certain movements either 
with the support or resistance of a gymnast. It is 
important to note that the Swedish system is a 
medical one, designed to overcome definite defects 
in the motor system. ‘Turning now to the other 
system, the Danish, we find that it is not primarily 
a medical system, and that it is not designed to over- 
come the local effects of disease or injuryin the motor 
system. Knudsen (1937), the Chief Inspector of 
Physical Education to the Danish Board of Educa- 
tion, expressly states in his book that the Danish 
system of gymnastics is directed towards the 
restoration of true bodily form: ‘“ Civilized man 
is affected with bodily deformities, beginning 
deformities in the children, deeply-rooted deform- 
ities in the adults. Form-giving gymnastics 
must, therefore, guide the development of the 
normal body, so that faults and deformities are 
avoided”. The Danish gymnastics, therefore, 
are not therapeutic and based upon the require- 
ments of injured limbs, but prophylactic and 
directed towards the restoration of bodily form. 
That this opinion is correct is shown by Knudsen’s 
own words, that the system “‘ must treat the faults 





subdivide active movements into 
three groups: free, performed 
by the patient without any assist- 
ance or resistance; controlled, 
where support is given by a gymnast; and 
resistance, where the movement is performed 
against the active resistance of a gymnast. This 
group of resistance exercises is subdivided into 
concentric, in which the origin and insertion of 
the muscle approximate; and eccentric, where 
the origin and insertion are separated from one 
another. The eccentric work is less tiring than 
the concentric, which therefore makes it suitable 
for patients with very weak muscle-groups. 
Discussing the application of active resisted 
movements, Arvedson makes the essential point 
that “ The value of resistance movements lies 
in the fact that they can be modified as desired, 
and so, perfectly adapted to the strength of the 
patient’. The importance of this observation 
can hardly be over-estimated ; because, first, it is 
concerned with the local disability following the 
injury ; and, secondly, it fits the remedial work 
to the capacity of the injured part. Therefore 
it is localized and controlled as it should be. 
That this approach is the correct one for the 
restoration of function following injury is sug- 
gested by the fact, already observed, that the 
more generalized, active, free-swinging exercises 
fail to restore the muscle power upon which the 
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function of the limb depends. The need for 
the restoration of muscular power is emphasized 
by Fig. 372, which records the degree of muscular 
weakness present soon after the removal of plaster, 
and Fig. 371, which reveals the poor recovery 
achieved by the Danish type of remedial exercise, 
and the partial recovery with which the patient 
is often returned to duty. 

The Swedish system gives considerable 
prominence to passive stretching, whereby the 
“mobility of joints is increased by stretching 
shrunken joint capsules, contracted muscles, 
adhesions between tendons and their surround- 
ings, etc.”. The deleterious effects of this 
practice have now been established and the 
method need detain us no farther. Returning 
to their active remedial exercises, Arvedson 
claims that they improve joint function by 
improving the nutrition of the muscles concerned, 
by strengthening the muscles through continued 
exercise, and by increasing the mobility of joints. 
A simple exercise is set out for each joint and for 
each muscle group, thus suiting it for detailed 
therapeutic prescription. For the elbow the 
instructions are that “‘ one of the gymnast’s hands 
grasps and supports the patient’s elbow, the 
other resists at the wrist, whilst the patient 
alternatively bends and stretches the elbow- 
joint’. This exercise has the essential attri- 
butes that lead to success ; it is local in its effect, 
and it is under the therapist’s direct control. 
Already we have noted the degree of localized 
muscular weakness, and also that the exercises 
which involve all, or most, of the motor system 
at once, taking in the injured part only as an 
incidental to the general bodily movement, fail 
to restore the local deficiency in power. 

b. The Danish System.—The outstanding 
difference between this system and the Swedish 
is that it is not concerned with local damage, but 
aims at giving the whole body an “all round 
and harmonious development ’”’. Moreover, the 
Danish gymnasts are not concerned with the 
recovery of the range of measurement and 
muscular power in injured limbs, but to produce 
in ‘norma!’ people, suppleness, general agility, 
and an increase in strength. Great stress is 
placed upon variety, which is ignored by the 
Swedes, because the performance of basic 
exercises combined in many different ways pro- 
duces “ rhythm, lightness, co-ordination”. All 
these aims are very desirable in a limb without 
any joint stiffness or muscular weakness, but to 
prescribe such exercises for a limb that is both 
stiff and weak is to do a severe injustice to both the 
limb and the exercise. The exercises are divided 
into free-swinging exercises and heaving exercises. 

Free-swinging Exercises—-These consist of 
am swinging, stretching, circling, and raising ; 
frequently combined with trunk and leg exercises 
in various ways. The first thing that strikes the 
teader of Knudsen’s work is that the upper limb 
is regarded as a unit, and only the shoulder-joint 
i$ mentioned by name. This system, not being 
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concerned with post-traumatic stiffness of the 
elbow, very naturally makes no mention of that 
joint. These free-swinging exercises are directed 
towards ‘‘ securing mobility of the joints of the 
arms, particularly the shoulder-joint and the 
muscular connexions between the shoulder-blade 
and the trunk. This will tend to improve the 
carriage of the shoulders”. Such particular 
exercises as ‘ arm-flinging’ or ‘ stretching’ side- 
ways, are not intended to mobilize stiff elbows, 
and are claimed by their authors to produce 
stretching of the horizontal part of the pectoralis 
major in order to overcome round shoulders 
due to the shortness of that muscle. This object, 
Knudsen points out, is achieved because “ when 
the movement in the elbow-joint ceases, the 
inertia of the forearm pulls the upper arm back 
too. In this way the shoulders are drawn strongly 
backwards ”. But with a limited range of elbow 
movement the development of inertia by the 
forearm, which reaches its maximum only at 
the limit of its extension, is seriously diminished, 
and nearly all this secondary effect on the elbow 
is lost. As, however, these ‘ arm-flinging ’ and 
similar exercises were designed to improve the 
carriage of the shoulders, it would be fortunate 
indeed if they proved to be efficient in over- 
coming stiffness of the elbow and weakness of 
the arm muscles. Although they achieve some 
success in overcoming stiffness, they do not 
restore the muscular power, as we have noted 
already. The Swedish school also regards such 
exercises as shoulder exercises. 

Heaving Exercises.—These were not described 
by Knudsen, but they comprise exercises in 
which the arm, with the hand fixed, works against 
the body-weight. They are usually performed 
either with the body suspended by the arms from 
wall-bars, or lying prone on the floor. The 
obvious danger of passive stretching in this group 
is sufficient to regard them as unsuitable for 
general use. 

c. Remedial Games.—Both the Swedish and 
Danish schools include games as part of their 
systems. But they must not be confused with 
those games which are regarded in this country as 
‘sports’. The pattern and objects of games and 
‘ sports ’ are different, as is shown by Arvedson’s 
constant reference to ‘ game-like exercises ’. 
The essence of remedial games is that they are 
carefully controlled and calibrated to fit the stage 
of recovery reached by any individual patient. 
For this reason they are usually carried out in 
pairs or small groups under the supervision of an 
instructor. Games of this nature are simply 
other ways of encouraging the patient to perform 
active movements with the injured limb. In the 
Swedish system the game is designed to help the 
recovery of theinjured part. Theyare devoid of any 
specific virtue and only variety is claimed for them. 

The remedial games, however, popular in the 
Royal Air Force, are in the nature of ‘ sports ’. 
They are predominantly competitive and directed 
towards diverting the patient’s mind from his 
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injured limb, so that he will use it more freely. 
A common list of these activities comprise foot- 
ball, balmoral (a cross between Rugby football 
and netball), cricket, soft ball (the Canadian 
version of baseball), volley ball, skittle ball, 
indoor hockey, squash, golf, cycling, swimming, 
and bowls. Although these sports provide a 
graded scale from the mildness of bowls to the 
severity of football, the majority need about 
twelve persons (six a side) to make the game 
workable. In practice, the patient plays the game 
to which he is fitted by his general agility, not by 
the local requirements of his injury. For ex- 
ample, spinal and upper limb injuries make up the 
footballers because they can run and kick. A 
more serious defect in this type of game is that it 
cannot be controlled adequately without spoiling 
it by continued interference from the super- 
visor. If the observer watching these sports 
concentrates upon those patients who are almost 
fully recovered he will be impressed by their 
virtue, but if he watches those who are not so 
far advanced he will see that the patients care- 
fully avoid using the defective part. Frequently 
a lower limb injury can be seen hopping his way 
through a game on his sound leg with astonishing 
agility. He has found that he is too slow if he 
uses. both legs and therefore spoils the game. 
He has certainly forgotten about his injury, but 
not in the way desired. This is primarily due to 
the fact that it is impossible to find sufficient men, 
whose injury and stage of recovery are compar- 
able, to fill any of the team games. It is thus 
inevitable that this type of game is too severe for 
some, too mild for others, and unsuitable for 
several more. It would appear, therefore, that 
sports are invaluable in the terminal stages of 
recovery, but quite unsuited tothe preliminary steps. 
In addition, their value in convincing the man that 
his recovery is complete cannot be over-estimated. 
They are far more suited to the mental than to 
the physical aspect of rehabilitation. 


ROUX’S THEORY OF FUNCTIONAL 
ADAPTATION 


Initially, the viewpoint that joint stiffness 
was to be overcome by the activity of the patient’s 
own muscles was accepted. Furthermore, it 
was accepted that a mobile joint was only desir- 
able if it was under full muscular control. The 
present system has been shown to fail in the 
restoration of the all-important muscular power, 
and, theoretically, it can be accused of failing to 
achieve the maximum number of fully mobile 
elbows during the acceptance of this partial 
muscular recovery, the recovery of movement 
now being regarded as a struggle between the 
strength of the limiting adhesions and the 
activating muscles. 

It would seem that this defect has crept 
into our practice because of the idea that the 
development of muscular power depends upon 
the amount of total work carried out by the 
muscles concerned, whereas this is, in fact, an 
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error, and one which hardly gains any recognition 
in text-books of physiology in spite of the fact 
that it was recognized fifty years ago by Roux, 
Roux’s theory states that more vigorous exercise 
not only alters the qualitative composition of the 
muscle, thereby raising its specific efficiency, but 
also, that greater activity enlarges the muscle in 
those dimensions only which yield greater 
activity to the given function. In other words, 
a muscle will develop only those characteristics 
which are inherent in the work it is called upon to 
do. -For example, if a muscle is trained to over- 
come a great resistance it will develop power 
enough to do so, but this achievement will in no 
way improve its endurance; if, however, it is 
trained to go on contracting against a small 
constant resistance for a long time, it will develop 
endurance but not power. Lange (1917) sets 
out many of Roux’s examples collected from 
comparative anatomy, evolution, physiology, and 
pathology, but they are outside the scope of this 
paper. The only point relevant to our purpose 
is Lange’s criticism of those who, like Grober, 
misinterpret Roux’s theory as meaning that 
increased exercise gives rise to muscle thickening 
and increased power. This fallacy, it is pointed 
out, arose through the failure to realize that 
mechanically power and work, though connected, 
are quite different entities. For example, if a 
man raises a 10-lb. weight through 1 ft. by 
flexing his elbow, his elbow flexors perform 
10 ft.-lb. of work. But he can also perform the 
same amount of ft.-lb. of work by raising a 1-lb. 
weight through 1 ft. ten times. The definition 
of power, however, is that force which raises a 
given weight vertically through a given distance 
in a given time. The power needed, therefore, 
to raise a 10-lb. weight once, is ten times that 
needed to raise a 1-lb. weight ten times. If 
Roux’s theory is accepted, it means that the 
former exercise will increase the muscle’s power 
but not its endurance, whilst the latter will do 
just the reverse. Applying this theory to our 
particular problem, it means that the Danish 
‘ free-swinging ’ exercises would be expected to 
produce endurance but not power, whilst the 
Swedish resistance work will produce power 
but not endurance. Support for this suggestion 
comes both from industry and athletics; com- 
pare the bulky powerful muscles of the sprinter 
or heavy labourer with the slender ones, fitted 
to endurance, of the long-distance runner or the 
worker who does the same light task hundreds 
of times daily. There is, however, no need to 
press this argument by analogy any further, 
because Figs. 373-380 provide direct evidence 
that Roux’s theory is true. Of special significance 
is the case recorded in Fig. 377, which shows 
that in spite of a good range of elbow movement 
the elbow flexors had only recovered 60 per cent 
of their power at the end of the seventh week, 
although the man had been carrying out free- 
swinging exercises and playing sports throughout 
the period mentioned. 
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Fic. 373.—Comparison of muscle power recovery n flexors. 
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Fic. 374.—Comparison of muscle power recovery of extensors. 
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Although the muscular power of an injured 
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the surgeon to bring this about deliberately, 
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limb may, after many months, recover completely - especially as it is easy to do. 


of its own accord, it is surely more desirable for 
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Fics. 375, 376.—Comparison between the muscle 
recovery in 13 consecutive cases, one-half receiving resist- 
ance work, the other half free-swinging. Length of test 
4 weeks from day of admission. 
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Fic. 377.—Test case 1. Effect on muscle recovery of 
free-swinging method—patient with fracture of middle 
third of humeral shaft and full range in elbow prior to 
onset of treatment. 
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Fic. 378.—Test case 2. Restoration of muscular 
power by resistance exercises. 
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FIG. 379.—Test case 3. Restoration of muscular 
power by resistance exercises. 


RELATIONSHIP OF THE RECOVERY 
OF JOINT MOVEMENT TO THAT 
OF MUSCULAR POWER 


Although a theoretical relationship between 
the recovery of muscle power and the restoration 
of joint movement might be assumed in any 
system which demands ‘active mobilization’, 
yet in practice the relationship seems to be 
very slender. Two patients with fractures of 
the humeral shaft had a full range of elbow 
movement on admission, with rather less than 
§o per cent of the muscular power of the flexors 
and extensors of the uninjured side being present. 
Far the most striking, however, was the.case of a 
man with a compound fracture of the upper 
end of his ulna shaft, who recovered a full range 
of elbow movement very quickly with a power of 
only 5 lb. in both flexors and extensors! It is 
obvious, therefore, that muscular power is un- 
important for the restoration of movement 
provided that there is no serious fibrous obstruc- 
tion to be overcome, as is the probable case in 
the majority of middle third fractures of the 
humeral shaft, especially the non-flying ones. 
The exact relationship between muscle power 
and the degree and rate of the restoration of 
joint mobility will only be determined by a 
statistical analysis of two groups of comparable 
fractures treated by the resistance and free- 
swinging methods respectively. It would need 
at least 25 cases in each group at a rough approxi- 
mation. In the absence of this evidence the 
theoretical probability that the relationship is 
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Fic. 380.—Test case 4. Restoration of muscular 
power by resistance exercises. 


positive can be reasonably maintained as a basis 
for practical therapy. 

The principal that, even though full mobility 
is not restored to the injured limb, its function 
depends to a large extent on its power, has been 
accepted. Fortunately, the power of the limb 
can be restored, provided that the elbow permits a 
total range of about 70°. The evidence for this 
opinion is contained in Fig. 381 (Cases 2 and 3). 
Some recovery of power can, however, be achieved 
with very limited ranges of elbow movement, 
provided that resistance exercises, and not 
free-swinging ones, are employed. The fact 
that muscular power can be restored in spite of a 
considerable limitation in the range of the elbow- 
joint, has proved very useful from the viewpoint 
of this inquiry, because it has made it permissible 
to include cases in which the fractures were in no 
way comparable. It has been shown that the 
final range of elbow movement depends on the 
site and type of the fracture, but as a limited 
range of movement has no ability to prevent 
the restoration of power by resistance work, 
unless it is gross, therefore any injury around 
the elbow-joint can be used to test the relation- 
ship’ of the recovery of power to the type of 
exercises employed, because the fracture only 
determines the range of movement, not the 
recovery of the muscular power. More cases 
have been used to check the power-exercise 
relationship, therefore, than could have been 
obtained from the humeral fractures available for 
measurement. Not only has this method enabled 
the dependence of the recovery of power upon 
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resistance work to be demonstrated, but it has 
also brought out three other important points : 
First, that power can be restored in the face of 
considerable permanent limitation of elbow 
movement ; secondly, that the power does not 
recover with ‘ free use’, even though the range 
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definitely muscle-power conscious. It is for this 
reason that the second part of the criticism does 
not hold good, at least amongst these young men, 
for they are far too interested in any procedure 
which is going to improve their muscular power 
to be bored by it. Muscular power is one of the 
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Fic. 381.—Demonstration that muscular power can be restored in spite of small range. 


of elbow movement is full, and is unlikely to for 
many months ; thirdly, that in the great majority 
of cases the power can be restored to 75 per cent 
of full, or better, in an average of four to six 
weeks, by resistance exercises. 


MENTAL ASPECT OF 
REHABILITATION 


This aspect of the problem has been fully 
dealt with by Watson-Jones (1942, 1943) and does 
not call for any further general elaboration. 
There are, however, one or two minor points 
which bear directly upon the discussion we have 
been pursuing. It might be objected that 
resistance exercises are so localized that they 
concentrate the patient’s attention too much upon 
his injury, and that they are so dull that they 
will produce mental apathy. Such a viewpoint, 
however, overlooks the fact that the weakness of 
the limb is continually grasping the patient’s 
attention in numerous ways through the day, 
reminding him of his disability, especially his 
loss of muscular power. Being a young man this 


THE 


defect worries him considerably, for the active 
physical 


that constitute aircrews are 


types 





corner stones of the vanity and self-respect of 
this type of man, and it is very easy therefore 
for the instructor to produce an active spirit of 
competition in his class. 

It is more easy for a patient to deceive the 
surgeon regarding the rate of recovery of his 
power, than to do so over his joint movement. 
But if he is determined to prolong his convales- 
cence he will do so with complaints of pain in 
and around the elbow-joint, whether his muscular 
power is measured or not. That this fear of 
providing the patient with another point on 
which to focus his mind is unimportant, will be 
realized when it is recalled that the defect can 
be remedied in four to six weeks if the right 
exercises are employed. The risk of engendering 
an occasional morbid mind, which would prob- 
ably have become so in any case, seems preferable 
to the present method of discharging the man 
with an unnecessary defect in his muscular 
power, which gives him the feeling that he is 
being discharged before he has recovered fully. 
As opposed, therefore, to engendering intro- 
spective morbid minds, the use of resistance 
exercises and muscle-power measurements pre- 
vents such a state by removing one of the main 
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causes. ‘Thus it would appear that the complaint 
of weakness at the end of rehabilitation is 
neither illusory nor necessary, and that the fear 
of producing mental morbidity is unfounded. 


CONCLUSIONS 


1. Assuming that the active mobilization of 
an elbow-joint is the correct method, then the 
ability of the limb to overcome any non-osseous 
obstruction to its movement must depend on 
the strength of the limb muscles ; and, therefore, 
the stronger the muscles, the greater the chance 
of recovering a full range of elbow movement. 

2. That the ultimate range of elbow move- 
ment depends not only on muscle power, but 
upon the nearness of the fracture to the joint 
and the severity of the initial injury. The 
trauma of flying accidents is so much more 
severe than non-flying, that fractures caused in 
this way require much longer to unite and almost 
50 per cent are comminuted. Twice as many 
non-flying accident cases attain a full range of 
elbow movement as compared to the flying 
accident cases. This is probably due to the 
formation of larger amounts of fibrous tissue, 
caused by the greater damage at the time of the 
injury and the greater disturbance of the local 
blood-supply and lymphatic drainage. 

3. The very considerably degree of muscle 
wasting resulting from the injury and its sub- 
sequent immobilization, is not restored by free- 
swinging exercises, which, based on the Danish 
system of gymnastics, were not designed to 
overcome post-traumatic joint stiffness or to 
restore the concomitant weakness. 

4. That any system of rehabilitation based 
upon the principle of active mobilization must 
accept the truth of Roux’s theory of functional 
adaptation and use the resisted remedial exer- 
cises of the Swedish pattern in the initial part of 
treatment, to restore power and joint mobility. 
Full power can easily be restored in a few weeks 
in this way. 

5. That speed and co-ordination of action 
should be attained by the use of the Danish 
type of exercise after the power and mobility 
have been established. These exercises should 
only be used towards the end of treatment ; 
games should be used in exactly the same way, 
and are especially useful in the restoration of 
confidence and morale. 

6. That the maximum degree of recovery 
should be obtained in eight weeks or less. 


SUMMARY 


1. An historical introduction is given revealing 
how the modern conception of the restoration 
of limb function following a fracture has attained 
the point where it is regarded as a struggle 
between the power of the patient’s musculature 
and the strength of limiting adhesions. 

2. The two fundamental groups of causes 
of post-traumatic joint stiffness are outlined. 
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3. An analysis is made of the recovery of elbow- 
joint mobility in 76 cases of fractures of the humeral 
shaft, uncomplicated by nerve injury or multiple 
injuries in the same limb, treated in the R.A.F. 
Orthopedic Service. It is shown that the recovery 
of joint movement is determined by the fracture 
site and its mode of production, but that all those 
cases which attained full range of elbow movement 
did so in eight weeks or less, irrespective of all the 
modifying factors. 

4. It is shown that fractures due to flying 
accidents take much longer to unite than those 
due to non-flying accidents. 

5. An analysis of the recovery of muscle 
power in injured upper limbs shows that the 
patients are frequently discharged from the re- 
habilitation centres with a recovery of less than 
40 per cent of normal power, even when a full 
range of elbow movement is present. A ‘ norm’ 
is constructed for elbow flexors from the measure- 
ments of 76 patients without any upper limb 
injury and a chart is given showing the degree 
of muscle weakness to be expected. 

6. An analysis of the current free-swinging 
type of remedial exercise reveals that it is based 
upon the Danish system of gymnastics designed 
to improve bodily form, and unconnected with 
the problems of post-traumatic joint stiffness 
and muscular weakness. 

7. Remedial games are shown to be invaluable 
in the later stages of recovery as practised in R.A.F. 
Centres, but unsuitable for the early stages. 

8. Roux’s theory of muscular adaptation is 
examined and is found to be true when applied 
to the clinical material in the R.A.F. Centres. 

9g. The restoration of power is shown to be 
rapid and simple with resistance exercises. 

1o. An analysis of the relationship of muscle 
power to joint mobility is made. It is shown 
that the power can be restored to normal if a 
total of 70° of elbow movement is present, 
irrespective of fracture sites. 

11. The mental aspect of rehabilitation is 
considered to be outside the scope of the report, 
but it is pointed out that the measures needed to 
restore muscular power do not predispose to 
mental morbidity. 

12. Conclusions are presented. 


I am grateful to Air-Marshal Sir Harold 
Whittingham, K.B.E., Director-General of Medi- 
cal Services of the Royal Air Force, for facilitating 
the investigation of R.A.F. cases, and Professor 
H. Platt for making available the records of the 
Manchester Royal Infirmary Fracture Clinic. I 
wish to thank Mr. R. Watson-Jones, Civilian 
Consultant in Orthopedic Surgery to the R.A.F., 
for his encouragement and interest in the pre- 
paration of this paper. 





BIBLIOGRAPHY 


ARVEDSON, J. (1931), The Technique, Effects and 
Uses of Swedish Medical Gymnastics and Massage. 
London: J. & A. Churchill. 





368 THE BRITISH 


BOHLER, L. (1935), Treatment of Fractures. Bristol : 
John Wright & Sons. 

HOouLpIne, R. N. (1941), Brit. med. F., 2, 429. 

KNUDSEN, K. A. (1937), A Textbook of Gymnastics. 
London: J. & A. Churchill. 

LanGE, W.-G. (1917), Ueber funktionelle Anpassung. 
Berlin: Julius Springer. 

Mattias, E. (1931), Biologie der Leitbesiibungen. 
Leipzig: Verlag Quelle-Mayer. 

MENNELL, J. B. (1934), Physical Treatment by Move- 
ment, Manipulation, and Massage. London: 
J. & A. Churchill. 


JOURNAL OF 


SURGERY 


NICOLL, E. A. (1935), Brit. med. F., 1, 501. 

Tipy, N. M. (1937), Massage and Remedial Exer<ises, 

3rd ed. Bristol: John Wright & rT 

WATSON-JONES, R. (1936), Brit. med. F., 1, 925. 

— — (1940), Fractures and Other Bone and joint 
Injuries, 2nd ed. Edinburgh: E. & §, 
Livingstone. 

— — (1942), Brit. med. F., 1, 403. 

— — (1943), Lancet, I, 172. 





CARCINOMA OF AMPULLA OF VATER 
SUCCESSFUL RADICAL RESECTION 


By KENNETH WATSON 


HON. ASSISTANT SURGEON, EAST SURREY HOSPITAL 


THE comparative rarity of successful attempts at 
really radical surgery for this condition during 
recent years and reported in British literature, 
suggests that the case here presented may be of 
interest. It illustrates the pitfalls, both in dia- 


gnosis and treatment, which beset the surgeon, but 
also confirms that a very satisfactory result may be 
achieved in an otherwise hopeless condition. 


CASE REPORT 


Mrs. B., female, aged 43, was admitted to the 
East Surrey Hospital on Sept. 25, 1942, complaining 
of diarrhcea for three months, loss of weight, fatigue. 

HIsTORY.— 

Past History: No significant illness up to twelve 
months ago. Jaundice twelve months prior to 
admission, painless, sickness for one week only at 
beginning of illness. Nearly ten weeks before 
icterus cleared. Had a cholecystogram: after this, 
lack of concentration only. 

Present History: Has had diarrhoea for three 
months, three to four actions during each day. No 
mucus or blood passed. No pain, nausea, or vomiting. 
Has lost weight during this time, estimates a loss of 
21 lb. Has noticed increasing weakness and fatigue 
on exertion during this time. 

On EXAMINATION.—A spare woman, yellow tinge 
to skin. Mucous membranes pale. Conjunctive 
slightly jaundiced. Tongue smooth and_ glassy. 
Heart and lungs normal. C.N.S. normal. Abdomen: 
Liver just palpable; no tenderness or palpable 
tumour. T., 99°0°; P., 72; R., 18. 

Investigations.—Blood : R.B.C., 2,750,000; Hb, 
45 per cent; C.I.,0°8; W.B.C., 12,200; no abnormai 
cells. Van den Bergh : Direct biphasic reaction. 
Sigmoidoscopy: N.A.D. Urine: Slight trace of 
bile; diastase index, 10; no other abnormalities. 
Feces: No abnormal organisms ; bile present. 

Preliminary Differential Diagnosis: Carcinoma of 
pancreas. Common-duct calculus. Catarrhal 
jaundice. Hanot’s cirrhosis. 

TREATMENT.—The patient was given iron by 
mouth and liver parenterally. She improved steadily 
during the first four weeks. She lost the icteric tinge, 
took food well, diarrhoea ceased after the first three 
days. No pain or nausea. At the end of this neriod 
liver was impalpable and T.P.R. normal. During 
the second four weeks in hospital she continued to 
improve up to the end of the sixth week. At that 


time the diastase index was normal, there was no bile 
in the urine. Van den Bergh: Weak direct biphasic 
reaction. Blood: R.B.C., 3,330,000; Hb, 55 per 
cent; C.I., 0-8; T.P.R., normal. 

Following the end of the sixth week in hospital, 
that is to say, shortly before Christmas, 1942, deter- 
ioration in her condition became apparent. Jaundice 
returned, the liver again became palpable and rapidly 
increased in size. The gall-bladder became palpable 
and was soon definitely enlarged. In spite of this 
she had no nausea, no pain; there was bile in the 
urine, but there was also bile in the feces, which 
appeared macroscopically normal. During the eighth 
week of her stay in hospital the jaundice became 
pronounced, itching was marked, but the jaundice 
having increased to the point ‘of yellowish-green 
remained at that, it did not become the deep olive 
green of complete biliary obstruction, nor did the 
feeces suggest that such existed. I decided to explore 
the abdomen. 

FirsT OPERATION (Jan. 7, 1943).— 

Preparation: 5 mg. methyl-naphthoquinone 
three days and one day before. Glucose ++. 

Anesthesia: Nitrous oxide plus ether, preceded 
by omnopon and scopolamine. 

Incision: Right paramedian. 
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Fig. 382.—First operation—cholecyst-jejunostomy. 
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The liver was smooth and grossly enlarged. The 
gall-bladder was the size of a grape-fruit. The 
common duct was at least 2 in. in diameter. A hard 
mass, twice the size of a walnut, was felt in front of the 
head of the pancreas. It appeared to be slightly 
mobile. In addition, a small hard discrete nodule, 
the size of a filbert nut, was felt on.the postero-lateral 
aspect of the second stage of the duodenum. It 
was apparent that hemorrhage was going to be diffi- 
cult to control—even wiping any of the surfaces with 
gauze was sufficient to provoke bleeding. The gall- 
bladder was emptied by suction, thick green bile, 
15 oz. An ante-colic cholecyst-jejunostomy was 


Stace ti. 


Fig. 383.—The position at the end of the second operation. 


performed and omentum brought up and sutured 
around the anastomosis (Fig. 382). The small nodule 
on the posterolateral aspect of the duodenum was 
excised and the abdomen closed in layers in the usual 
manner. With the exception of silkworm gut for the 
skin sutures and fine catgut for the mucous-membrane 
layer of the anastomosis, linen thread was used for all 
purposes. The liver was almost down to the umbilicus. 

Post-operative Course-—The patient was given 
one litre of § per cent glucose in saline and two litres 
of 5 per cent glucose in water intravenously during 
the first thirty-six hours. During that time she 
passed 51 oz. of urine. Her general condition was 
satisfactory, but her temperature rose steadily from 
the second day. An abscess of the wound, thought 
to be an infected hematoma, was evacuated on the 
ninth day. The temperature then subsided and 
the wound healed well. She was allowed up on the 
twenty-first day, eating well, no jaundice, no bile in 
urine, and the liver barely palpable. There were 
occasional flicks of pyrexia, but not above 100°, and 
the pulse kept below 80. 

Section of the small nodule removed at first 
operation from the postero-lateral aspect of the 
second stage of the duodenum proved to be a lymph- 
gland with secondary deposits of a columnar-celled 
adenocarcinoma. This, together with the clinical 
history, was strongly suggestive of primary carcinoma 
of the ampulla of Vater. I decided to attempt radical 
extirpation. 

SECOND OPERATION (Feb. 11) (Fig. 383).— 

Preparation: As for first operation, plus sulpha- 
guanidine, for three days prior to operation. Coagula- 
tion time prior to preparation, 94 minutes. 
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Anaesthesia: Rectal paraldehyde, # drachm per 
stone. Atropine ;4o gf., intratracheal nitrous oxide 
plus ether. Blood transfusion commenced at begin- 
ning of operation. 

Incision: A transverse incision I in. above the 
umbilicus and dividing both recti. 

There was some difficulty in separating the 
adhesions following the previous operation and freeing 
the omentum from the anastomosis. The hepatic 
flexure was freed and the colon packed down out of 
the way. The growth appeared somewhat smaller 
and more mobile than in the first operation; there 
was no evidence of secondaries. The peritoneum on 
the postero-lateral aspect of the duodenum was incised 
and the duodenum mobilized medially. The common 
duct, now I in. in diameter and with very thick walls 
(like an aorta), was divided and triply ligated. Mobil- 
ization of the first stage of the duodenum was con- 
tinued and the gastroduodenal artery divided and 
ligated. The duodenum was :now divided between 
clamps I in. beyond the pylorus, the right gastric 
artery and 2 in. of the gastrohepatic omentum divided 
and ligated. Three inches of the gastrocolic omentum 
was similarly dealt with. The divided pyloric end 
of stomach was turned over to the left and covered. 
The duodenum, together with the head of the pancreas, 
was now mobilized farther from the back wall of the 
abdomen. The beginning of the third stage of the 
duodenum was divided between clamps, the distal 
end ligated and invaginated. The inferior pancreatico- 
duodenal artery, which was a small vessel in this case, 
was clamped and ligated. The duodenum and head 
of pancreas were now freely mobilized, the superior 
mesenteric vein was defined, and branches from the 
pancreas on its lateral aspect were divided and ligated. 
A rubber band was tried as a tourniquet around the 
the mobilized portion of the pancreas, but was not 
found satisfactory, a light rubber-covered clamp 
was applied in its place and the mass removed. 
On the face of the divided pancreas the main and 
accessory pancreatic ducts could be seen; they were 
clamped and ligated. Four mattress sutures were 
then placed to close the end of the pancreas. At this 
stage the common duct was found to be leaking and a 
further ligature was stitched through the duct and tied. 

Anastomosis: The loop of jejunum afferent to the 
cholecyst-jejunostomy was divided 4 in. proximal to 
the anastomosis ; the short portion proximal to the 
gall-bladder anastomosis was then anastomosed end 
to end to the pyloric end of stomach ; thestoma was 
deliberately made small. The free end of jejunum 
left after this procedure was then anastomosed end to 
side to the portion of jejunum distal to the cholecyst- 
jejunostomy. Hzmostasis was difficult, but finally 
appeared satisfactory. An effort was made to peri- 
tonealize the area, but most of it had to be covered 
with omentum. The hepatic flexure of the colon 
was sutured back into position. About 7 g. of 
sulphonamide was insufflated into the area of opera- 
tion. A stab drain was inserted 2 in. below the right 
margin of the incision and a soft rubber tube led 
down to the operation area. The wound was closed 
in layers. Silkworm gut was used for the skin sutures, 
catgut for the mucosal layers of the anastomoses 
involved and for the closure of the peritoneum. Linen 
was used for all other ligatures and sutures, including 
the external suture layers of the anastomoses, which 
consisted in each case of Halsted sutures. A total 
of two pints of blood was given during the operation 
which took three hours and fifteen minutes. 

THE SPECIMEN.— 

Macroscopical.—The specimen consists of a 
portion of the first, the whole of the second, and part 
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of the third stages of the duodenum, with a portion 
of the head of the pancreas en bloc. From the aspect 
of the duodenal lumen (Fig. 384) a malignant ulcer is 


FIG. 384.—Photograph of specimen, the duodenum 
having been opened along the lateral aspect. 


apparent, 2 cm. in diameter, which has destroyed and 
replaced the papilla of Vater. On splitting the 
specimen along the line of the common bile-duct 


Fic. 386.—Microphotograph showing the apparent 
fibrous capsule between the neoplastic tissue and the 
normal pancreatic tissue. (% §0.) 


(Fig. 385) the neoplasm is found to have compressed 
the termination of the common bile-duct, to have 
filled the main but not the accessory pancreatic duct, 
and to have compressed but not invaded the tissue of 
the head of the pancreas. 
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Microscopical.—A columnar-celled adenocarcinoma 
of markedly papillary type. There is the appearance 
of a fibrous capsule between the neoplastic tissue 


Fic. 385.—Photograph of specimen, which has been 
split along the line of the common bile-duct. A small 
portion of the neoplastic tissue has been removed from 
the lumen of the main pancreatic duct in the lower half. 


and that of the pancreas; there is no evidence of 
invasion of the pancreatic tissue. (Fig. 386.) 

Col. W. F. Harvey and Professor A. Murray 
Drennan, who kindly examined the specimen and 
sections, were of the opinion that the neoplasm had 
originated from the epithelium of the main pancreatic 
duct. 

Commentary.— 

1. I claim two distinct advantages for this 
technique :— 

a. That the primary operation is limited to the 
minimum as regards time, difficulty, danger, and 
trauma, but relieves biliary obstruction efficiently 
without creating interference with an extensive 
block resection at a later date. 

b. That the second-stage operation preserves 
the stomach intact and does not’ leave a long 
loop of jejunum to face the unopposed action of the 
acid from the stomach. The former point should 
ensure maximal gastric digestion of protein and 
carbohydrate, the latter should prevent the forma- 
mation of an anastomotic ulcer. 

2. The presence of a lymph-gland on the lateral 
aspect of the second stage of the duodenum, which 
drains from the duodenum, is not mentioned in 
Gray’s Anatomy (28th ed.). 

The exact position of the gland was in the sulcus 
formed by the reflection of peritoneum from the 
lateral wall of the second stage of the duodenum. 
The peritoneal covering was such that the gland 
was almost pedunculated and distinctly mobile. 
The microscopical structure is unmistakably that 
of a lymph-gland containing areas of carcinomatous 
invasion. 
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POST-OPERATIVE COURSE.—The immediate post- 
operative condition was good, considering the magni- 
tude and duration of the operation. Pulse, 120; 
B.P., 110/74. Morphia, } gr., given. 

First 12 hours: Patient took small quantities 
of fluid by mouth, but vomited repeatedly. Dark-green 
bile from drainage tube in considerable quantity 
indicated that closure of common duct was faulty. 
There was a slight trickle of blood from the wound. 
The stomach was washed out and feeding by mouth 
stopped. Rectal saline, 10 oz., four-hourly, insti- 
tuted. 

Second 12 hours: A continuous trickle of blood 
from the wound. Transfusion commenced (bank 
blood), one pint in four hours. The hemorrhage 
ceased and intravenous drip of 5 per cent glucose in 
water commenced. General condition poor. 

Third 12 hours: Hemorrhage commenced again, 
very freely. Glucose in water drip stopped. Hzmor- 
thage continued ; condition very grave. Transfusion 
of fresh blood (daughter) one pint given in four hours. 
Hemorrhage ceased and did not recur. Fluids by 
mouth tried again ; this resulted in effortless vomiting 
of small quantities (2 to 3 oz.) of brownish-green 
fluid. Salines continued per rectum. Urine free 
of chlorides. Patient very drowsy, condition very 
poor. Intravenous drip of 5 per cent glucose in 
saline, nil by mouth. After 600 c.c. chlorides 
appeared in the urine. Infusion changed to 5 per 
cent glucose in water. 

Fourth 12 hours: Stomach washout, 16 oz. dark- 
brown fluid. Vomiting ceased after this and fluids 
by mouth tried again. Rectal salines stopped. 

3rd day: Vomiting again, I to 2 oz. clear white 
fluid. Chlorides diminishing. Infusion changed to 
saline and glucose 5 per cent. Bile drainage now 
smaller in quantity. 

4th day: General condition very poor. Pyrexial. 
Patient drowsy all day. Purulent sputum ++. 
Drainage bile stained. No chlorides in urine. Plasma 
drip started at 3 p.m. Soluseptasine, 2§ c.c., given 
in the plasma. 

5th day: Vomiting less ; peptonized milk, 1 oz., 
alternated with water by mouth. Plasma alternated 
with 5 per cent glucose in saline. Patient had no 
chlorides in urine for twelve hours, but they are now 
present. No longer drowsy. No vomiting. 

6th day: Much improved. Intravenous drip 
taken down. During past twenty-four hours she 
has had one pint of bank blood and four pints of 
plasma ; these quantities were employed mainly with 
a view to getting protein into her. No vomiting now, 
quite alert, taking egg and milk. Morning stomach 
washout on each of past three days; residual fluid 






































4to120z. Chlorides normal. 
7th day: No vomiting. Morning stomach wash- 
out, 6 oz. Still fairly copious bile-stained discharge. 





10th day: Vomited several times during past two 
days, small amounts, 2 to 6 oz. Motions clay- 
coloured. Drainage-tube clipped for two hours 
b.d. and withdrawn 1 in. daily. 

11th day: Drainage tube withdrawn. Bile and 
pus drained from the sinus. 

12th day: Light diet. Small quantity of pus 
from tube sinus. Sutures removed. Still vomiting 
each day, 2 to 8 oz. 

14th day: Pyrexia subsided since discharge of 
pus from sinus. No pus, but bile-stained fluid. 

15th day: Vomiting increasing. Urine output 
only 14 oz. yesterday 10 oz. to-day. 

I thought I was dealing with an obstruction at the 
anastomosis of the pyloric end of the stomach to 
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the jejunum, but was not certain whether it was due 
to having made the stoma too small or to edema. By 
this time all her available subcutaneous veins had been 
used for intravenous cannulation and had become 
thrombosed. I decided to institute .a jejunostomy 
for feeding purposes in the hope that if I could tide 
her over for a few days the stoma might function. 

THIRD OPERATION.— 

Premedication: Rectal paraldehyde, 48 m. per stone. 

Anaesthesia: Nitrous oxide plus ether. 

Incision: Left trans-rectus just below level of 
umbilicus. 

Jejunostomy performed by Witzel’s method. 
Glucose, § per cent, in saline. Drip led into jejuno- 
stomy tube. Feeding by mouth stopped. 

16th day: Complaint of fullness and pain on feed- 
ing through jejunostomy tube. Vomited bile-stained 
fluid once. 

18th day: Barium meal. Marked delay at two 
hours. Still considerable residue at twenty-four 
hours. ? persistent closure of stoma. ‘Temperature 
now flickering between 97° and 100°; pulse, 120-136. 

22nd day: : 

FOURTH OPERATION.— ; 

Premedication: Omnopon and scopolamine. 

Anesthesia: Nitrous oxide plus ether. 

Incision: ‘Transverse upper abdominal incision 
1% in. above original operation incision. 

Pyloroplasty was in view. A moderate-sized 
subhepatic abscess was encountered almost immedi- 
ately and was drained with glove-rubber strips. In- 
cision closed, through-and-through § silkworm-gut 
sutures. 

23rd day: Egg and milk by jejunostomy tube. 
Clear fluids by mouth. Pus from upper wound + +. 
Bile and pancreatic fluid started again from original 
drainage sinus. 

26th day: Jejunostomy tube removed. Taking 
semi-solids by mouth. Clay-coloured motions, ? ?. 
Pus from wound ++. Vomiting ceased. 

29th day: Drainage wound sloughing. Ultra 
violet therapy tried. 

33rd day: Pyrexial reaction,’ ? due to ultra-violet 
radiation, but wound clearing and healing in. Pulse 
steadier and slower. 

46th day: Patient now fairly well. Eating and 
sleeping well. Motions light in colour, due to fat. 
Still flickering a low pyrexia and a little pus draining 
from a sinus in the upper wound. 

54th day: Starting sulphaguanidine 3 tablets four- 
hourly. 

64th day: Sulphaguanidine for five days without 
marked effect. Still pyrexial. 

71st day: Sharp flick to temperature 104°, pulse, 
108, for twelve hours, following a probing of sinus in 
left side of upper wound. This quickly subsided, 
but the sinus continues to discharge pus and the 
temperature is still flickering in an irregular manner 
from 99° to Io1°. 

goth day: A localized abscess pointed just below 
the right extremity of the second-stage operation 
incision. This was drained through a 2-in. incision. 
The abscess was situated in the vicinity of the resection 
area and a small strip of glove rubber was left in. 

100th day: The purulent discharge from above 
cleared in a few days and was followed by a short gush 
of pancreatic fluid. The sinus closed quickly after 
this. 

114th day: Sinus healed. Patient afebrile, feels 
well, and looks well. Is now up and about. 

182nd day (Aug. 15): This patient is now doing 
her housework and shopping. She has gained 11 lb. 
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during the last month and there is no evidence of 
recurrence. She looks well and feels well. There 
is a pancreatic fistula which discharges a small quantity 
at intervals ; it has opened twice since the preceding 
note. It has not given rise to any pain or discomfort, 
the site of the fistula is the same as that of the original 
drainage tube. 

Fecal analyses on three occasions show an average 
of 67 per cent for total fat in dried faeces, and of this 
fat an average of 41 per cent is unsplit. Only isolated 
undigested muscle-fibres have ever been observed. 
A fractional test-meal shows an almost normal curve 
with slightly raised free and total acids and no abnormal 
contents. She is being given iron and vitamins A, 
B,, B complex, C, and D in full doses. Pancreatin 
(gr. 40) in cachets is given t.d.s.; it does not appear 
to have any effect on the fat analyses. In spite of 
iron in full doses, her hemoglobin remains in the 
region of 70 per cent, and this may be significant. 


DISCUSSION 


The era when this disease was regarded as 
outside the scope of surgical treatment or amen- 
able only to palliative measures has passed, but 
there remain a number of technical problems 
still to. be solved. The scope of the problem is 
indicated by the statement of the Registrar- 
General (1943), that in England and Wales over 
2000 persons die annually from carcinoma of the 
pancreas. A more detailed analysis made by 
the same authority in 1933 showed that 13-6 
per cent of all deaths due to abdominal carcinoma, 
proved by operation or autopsy, were due to 
carcinoma of the pancreas. It is not likely that 


any one surgeon will have sufficient experience 


of these cases to define the lines on which we 
should advance, and the importance of recording 
such cases in detail is obvious. The problems 
resolve themselves into those of diagnosis, opera- 
tive technique, and subsequent treatment. 

Diagnosis.—Diagnosis of this disease at an 
early stage is not common. Asthenia, abdominal 
pain and loss of weight are the most constant 
features at this stage; jaundice, diarrhoea, or 
nausea may be associated, but analysis of a large 
number of cases has shown that none of these can 
be regarded as constant (Berk, 1941; Harvey 
and Oughterson, 1942). 

A barium meal may show deformity of the 
duodenum, the diastase or icteric indices may be 
raised, occult blood or unsplit fat may be present 
in the stools : any of these may be valuable guides 
if positive, but none are reliable as negative 
evidence. 

Early surgical intervention would undoubtedly 
improve our results, not alone due to the early 
removal of the tumour, which can commonly 
be diagnosed or suspected before it has metasta- 
sized or become of large size. Operative treat- 
ment, before the physical difficulties attendant on 
biliary obstruction and before the abnormal 
physiology following on biliary or pancreatic 
obstruction has taken place, offers the only 
means of reducing the present mortality. 

I would therefore suggest that with a history 
of progressive asthenia and loss of weight, together 
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with any one of the other symptoms mentioned, 
and in the absence of some other definite explana- 
tion for their occurrence, immediate exploration 
is indicated. 

If we wait until it is certain that operation is 
needed we have waited too long. 

Operative Technique.—Limitation of space 
forbids a discussion of the details of all the 
operative techniques available; those who are 
interested may consult the admirable mono- 
graph by A. Brunschwig (1942). Some of the 
principles involved have, however, a practical 
application. 

The ideal operative treatment of ampullary 
carcinoma would be a one-stage block resection 
in the absence of biliary obstruction. This is 
likely to remain an ideal, for it is probable that 
for some time to come the majority of these cases 
will exhibit biliary obstruction when they come to 
operation owing to the difficulties of early dia- 
gnosis. Under such circumstances I submit that 
a two-stage technique should be employed and 
that the primary operation should be limited to 
the relief of the biliary obstruction in such a 
manner as to permit of a resection being done 
at a later date. 

The operative mortality of even this limited 
procedure at the present time is stated by Sallick 
and Garlock (1942) to vary from 30 per cent to 
70 per cent; Brunschwig, reviewing a composite 
series of cases presented by different authors, 
shows an average operative mortality of 40:2 
per cent. The operative mortality of the second- 
stage operation for ampullary carcinoma is 
shown by A. O. Whipple (1941, 1942) to vary 
from 1I2°5 per cent to 14:2 per cent. 

Most of the techniques hitherto employed 
for a two-stage resection have included the con- 
struction of a gastro-enterostomy at the primary 
operation and I suggest that this is an error 
—it adds time and trauma to the operation 
and requires more exposure and relaxation than 
an operation limited to the performance of a 
biliary anastomosis alone. In can, therefore, 
be expected to increase the operative mortality 
of any primary operation where it is a feature of 
the technique employed, and, as I have pointed 
out, the primary operation carries the bulk of the 
operative mortality at the present time. 

We now have a choice of a number of tech- 
niques for the second-stage operation and the 
mortality and subsequent course will need to be 
studied and compared. Hitherto we have been 
pleased if a patient survived, but the time has 
come when a comparison of results will have to 
be instituted ; as an example of what may be 
attained in this field we have the record of 5 
consecutive cases of ampullary carcinoma success- 
fully operated on, and with no operative mortality, 
achieved by Vere C. Hunt (1942). 

Subsequent Treatment.—I refer here only 
to the difficulties confronting those who have the 
care of patients surviving the early post-operative 
period after a radical resection. Three problems 
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SULPHURIC ACID BURNS 


stand out: The first is the inevitable disturbance 
of digestion following on techniques which involve 
exclusion of the external secretion of the pancreas. 
This appears to be quite uncertain in its severity: 
some patients surviving resection have been much 
afflicted, others hardly at all. Why this should 
be is as yet unexplained and requires investiga- 
tion. 

Secondly, the incidence and severity of 
cholangitis is similarly very uneven, though the 
type of biliary anastomosis may appear to have 
been exactly the same. 

Thirdly, we have the uncertain aetiology and 
incidence of fatty infiltration of the liver following 
these operations, and whether lipocaic has any 
influence in preventing it. (Unfortunately this 
substance is not available for trial in this country.) 

I would suggest that one of those leading 
surgeons in Great Britain who have taken a 
particular interest in this subject should offer to 
act as a repository for the details of all such cases, 
failures as well as successes, and report from time 
to time on any lessons that may be learned from 
them. This has already been done in America. 


SUMMARY 


1. A case has been described of carcinoma in 
the region of the ampulla of Vater treated success- 
fully by a two-stage technique not hitherto 
employed and for which certain advantages are 
claimed. 
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2. A short discussion is given of some of the 
problems still awaiting solution in the surgery of 
this condition. 


I wish to express my appreciation of the work 
done by the Nursing Staff of the East Surrey 
Hospital and by my House Surgeon, Dr. Mary R: 
Ellis. My gratitude is also due to Dr. L. P. B. 
Chamberlain, Pathologist to the Hospital, without 
whose help at all stages I could not have succeeded. 

I am indebted to Professor J. R. Learmonth 
for assistance in preparing this article; Mr. 
F. W. Pettigrew, and Mr. C. Shepley of his 
Department, kindly prepared the microphotograph 
and the line-drawings respectively. 

Finally, I wish to thank Professor C. F. W. 
Illingworth for the continued interest he has 
taken in the case. 
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A CASE OF SULPHURIC ACID BURNS 
By SQUADRON-LEADER G. W. CASHELL, R.A.F.V.R. 
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MEDICAL OFFICER IN CHARGE R.A.F. BURNS UNIT 


BURNS by concentrated sulphuric acid present 
problems of some interest, particularly the 
immediate and late treatment of the burnt area, 
and, if the eye is burned, the immediate methods 
to be taken to avoid the formation of adhesions 
between the eyelids and eyeball. 

It is proposed in this communication to 
describe in detail the treatment of a case of 
severe burning with concentrated sulphuric acid. 
It is pointed out that even neutralization of the 
acid on the skin within thirty seconds of applica- 
tion will not effect the course of the burn. 


CASE REPORT 


History.—The patient, A.C.1. D., on May 23, 
1943, Was assisting to unload carboys of sulphuric 
acid from a lorry. A civilian on the lorry dropped one 
of these containers, which broke, the acid splashing 
the eyes, hands, and legs of the patient. 

IMMEDIATE TREATMENT.—He washed his hands 


and face in water, and was seen by his Medical Officer 
within a minute—the eyes were irrigated with lot. 
sod. bicarb., and he was then given a cold bath— 
gutte cocaine and gutte paroleine were put in the 
eyes. He was sent direct to hospital. 

On ADMISSION TO AN R.A.F. BuRNS UNIT.—He 
had already developed cedema of the face due to 
second-degree burns; there was marked cedema of 
the eyelids, mostly on the left side. There were also 
burns of the hands, arms, and legs. There was 
no evidence of blistering so characteristic of thermal 
burns. The epidermis of the face appeared dry, 
later separating in thin pieces like tissue paper where 
the burns were only of second degree. Elsewhere 
the burns were of third degree. 

The right eye had cedema of the lids but no evi- 
dence of conjunctival burning ; the cornea was clear 
and the pupil regular. The left eye had marked 
cedema of the lids and of the conjunctiva—there was 
an area of burnt ocular conjunctiva on the lower part 
from about 4 o’clock to 7 o’clock. The cornea was 
hazy, there was a small ulcerated area at 6 o’clock 
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adjacent to the limbus. 
He complained of pain in the eyes and 
The eyes were irrigated three times a 


The pupil was regular 


(Fig. 387). 
photophobia. 
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The burnt areas were cleaned with C.T.A.B,, 
I per cent, and then sulphanilamide cream was applied 
and a dressing of tulle gras. Thereafter the dressings 





Fic. 387.—Condition of left eye twenty-four hours after the accident. 


day with lot. sod. bicarb., and the left conjunctival 

fornices were packed with ung. atropine, I per cent. 
The legs showed areas of approximately 5 in. 

8 in. on the front and sides of both knees. Each area 

consisted of a central zone of blue-grey skin, without 


were done daily with sulphanilamide cream and 
tulle gras. 

May 26.—The cedema round the left eye was very 
marked and the eye was discharging pus profusely. 
It was considered advisable as soon as the infection 
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Fic. 388.—Showing the burnt areas of the knee-joint regions. 


blisters, and a peripheral zone about } in. wide of a 
deep magenta colour (Fig. 388). 

The backs of the hands showed a small area on 
each of this same deep magenta colour. The colour 
did not disappear on pressure and it was thought to 
be due to acid hematin and other blood breakdown 
products (Fig. 339). 





could be controlled that a contact lens should be 
fitted to prevent symblepharon. 

May 27.—Cultures were taken from: Eye, 
Hemolytic streptococci (Lancefield Group A); Leg; 
Pathogenic staphylococci. fi 

The left eye was still discharging pus and, in view 
of the positive culture, treatment with gutte penicillin 
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of strength 1000 units per c.c. (2 drops one-hourly) 
was instituted in addition to the ung. atropine. 

The burnt areas on the legs had become more 
swollen and the temperature was Io1°. 
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to obtain with dry heat. (2) It eliminated the danger 

of having a naked flame in the operating theatre. 
The plastic wax on the tray was then inserted 

beneath the eyelid and placed in contact with the 





[Photo. Hennell.]} 


Fic. 389.—Showing the coloration of the backs of the hands. 


TECHNIQUE OF FITTING CONTACT LENS.— 

May 28.—An impression of the globe was taken 
under pentothal anesthesia in dental casting wax. 
A tray for the impression was made by soldering 
a piece of malleable metal, ovoid in shape and 
convex, to a handle which consisted of a thin 
German-silver rod (Fig. 390). 





Fic. 390.—Mould of the globe being taken in 
dental wax. 


This tray was covered to a depth of approxi- 
mately 1 mm. with casting wax, this being heated 
to a plastic state by immersion in hot water. This 
method was preferred to a dry heat for two reasons : 
(1) The whole surface was at an even temperature 
and therefore uniformly plastic—a difficult condition 





globe of the the eye—gentle massage was applied over 
the eyelids. Iced water was then poured on to the 
impression while it was still in place, and when the 
impression was cool it was removed. The pro- 
cedure was repeated,-adding or removing segments 
of wax as necessary until a clear impression of the 
space between the eyelids and the globe was 
obtained. A horizontal mark was made across the 
impression, whilst still in place, at the juncture line 
of the eyelids. The impression was removed and 
the concave surface was invested in plaster and, 
when set, removed from the plaster. A thin 
uniform depth of wax was moulded over this 
plaster die of the globe. On the mark obtained for 
the junction of the eyelids a small loop of wax was 
added at right angles to the globe. The investing 
of this was completed in plaster, then tinfoiled, 





Fic. 391.—The finished ‘ Portex’ contact lens. 


and packed with clear acrylic resin, after which it 
was processed in the normal manner. 

The finished article was then polished. The 
addition of the loop of wax was to provide a handle 
for easy removal for cleaning purposes during the 
early stages of the injury (Fig. 391). 
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May 29.—The eye infection had now been com- 
pletely controlled with penicillin. The contact lens 


was inserted after preliminary cocainization ; the fit 





Fic. 392.—The contact lens being fitted to the eye. 


was Satisfactory (Fig. 392). Penicillin and ung. 
atropine were continued four-hourly. 

May 30.—The contact lens was being tolerated 
very well and the cedema was less. The discharge 
had ceased. The lens was removed, cleaned, and 
replaced every twenty-four hours without difficulty 
(Fig. 393). The ease of manipulation of the lens was 
due to the small handle on the centre of the anterior 
surface, which could be gripped with forceps. This 
handle was made to lie comfortably between the closed 
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slight discharge was present ; ocular movements were 
full. The slough had almost completely disappeared 
from the legs. 





FIG. 393.—The contact lens in position, lids open. 


Cultures :— 
Fune 8. Legs, Pathogenic staphylococci, B. 
pyocyaneus, 
June 11. Legs, B. pyocyaneus. 
June 8. Legs, Pathogenic staphylococci, B. 
pyocyaneus. 
Fune 11. Legs, B. pyocyaneus. 


Fune 13. Legs, Pathogenic staphylococci. 
June 15.—The sloughs has separated from the 
two areas on the leg, the area on the left knee had 





Fic. 394.—Burnt area of right leg immediately 
before grafting. 


lids. Ocular movements were free. Cultures taken 
were: Eye, Sterile; Legs, Pathogenic staphylococci. 
May 31.—The temperature was settling, the 
sloughs on the legs were liquefying ; oedema was less, 
and the lens comfortable in the eye. 
Cultures :— 
June 1. Legs, Pathogenic staphylococci, 
hemolytic streptococci, B. pyocyaneus. 
Fune 3. Legs, Hemolytic streptococci, B. 
pyocyaneus. 
June §. Legs, Hemolytic streptococci. 
June 8.—The cedema had all gone, the eye was 
comfortable, the corneal ulcer healed; only very 


FIG. 395.—Burnt area of right leg after grafting. 


healed. Cultures showed few B. pyocyaneus only. 
Control of infection had been achieved by the use of 
local application of penicillin. ; 

OPERATION.—Under general anesthesia a split 
skin-graft was taken from the inner side of the left 
thigh, cut into pieces 1 cm. square, and applied 3 mm. 
apart to the areas on the right leg (Figs. 394, 395). 
A pressure dressing and a back splint were put on. 
The left eye was inspected and showed no contraction 
of the inferior fornix ; the conjunctival surfaces were 
smooth and well separated by the lens. A second 
wax impression was taken to make a new lens with 
reduced thickness. There was a healed corneal 








nebu 
brig] 

J 
95 P 
a litt 
tion. 
good 


the 





sligt 
cillis 
able 
peri 


eves 
The 
com 


The 
forn 
cont 
nebi 
abo 
func 


pre’ 
trat 


Go 
law 
pas 


flap 
of 

gen 
hav 
me 
pat 
hoc 


the 
onl 


; Were 
eared 





Ci. 
| the 
had 





nly. 








e of 


split 
left 


395). 
on. 


tion 
were 
ond 
with 
neal 


AMPUTATIONS 


nebula at 6 o’clock. The rest of the cornea was 
pright and clear. 

June 21.—The grafts were dressed and showed a 
95 per cent take. The eye was satisfactory, there was 
a little eversion of the lower lid owing to skin contrac- 
tion. The new thinner lens without a handle was a 


good fit and easily manipulated by the patient. 
June 27.—The grafted area was completely healed ; 
the eye showed a little inflammatory reaction from 





Fic. 396.—Condition of the eyes three months after the 
accident. Left eye showing healed lower fornix. 


slight re-infection, which responded rapidly to peni- 
cillin. The modified contact lens was more comfort- 
able, and it was considered safe to leave it out for a 
period each day. 

Aug. 16.—The case was again examined. The 
eves could be opened and shut without discomfort. 
The burns of the face, hands, and legs remained 
completely healed. The vision was :— 

R.E. with + 0:25 sph., + 0-50 cyl., axis 90: 6/6. 

L.E. with + 0-50 sph., + 1-00 cyl., axis 180: 6/9. 
The left eye was free from inflammation, the lower 
fornix was clear without adhesions, there was no 
contraction of the lower lid. The cornea showed a 
nebula at about 6 o’clock with two small healed scars 
above. The pupil was normally active and the 
fundus showed nothing abnormal (Fig. 396). 


CONCLUSIONS 
The following points may be noted :— 
1. Immediate first-aid treatment will not 
prevent severe burns resulting from concen- 
trated sulphuric acid. 
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2. The characteristic features of these burns 
are the colour changes and the absence of 
blistering. 

3. The burn may be deep and require early 
skin-grafting. 

4. Pain is not a feature, except in burns of 
the eye. 

5. Infection is likely to be greater than in 
other types of burns owing to: (a) Contamin- 
ation during first-aid treatment; (6) Devitalization 
of tissues. 

6. Symblepharon can be prevented by the 
prompt fitting of a contact lens, which, with the 
aid of a dental department, can be made without 
difficulty or delay. 

7. Infection can be controlled with penicillin, 
and experience has shown that lower strengths 
such as 200 units per c.c. can be effective for 
eye infection of this type. 

8. The resin proved to be completely non- 
irritant, and as the refractive index is extremely 
low the patient was able to distinguish objects 
through it. 

Since the above case, however, experiments 
have been made using hydrocolloid impression 
material in preference to wax. 

9. The case demonstrates the great advantages 
to the patient of the combined operations of the 
three departments working in close co-operation 
—namely, the Ophthalmic Department, the Dental 
Department, and the Burns Unit. 


Finally, we wish to express our thanks to 
Group-Captain W. E. Barnes for his encourage- 
ment and the facilities afforded to us in this case ; 
to Professor Flory for the supply of penicillin, 
obtained from the Sir William Dunn School of 
Pathology, and processed there from brew 
supplied by Kemball, Bishop Ltd. ; and to Miss 
J. F. Whiteside and Mr. Hennell for the coloured 
pictures. 


AMPUTATIONS 


By GEORGE PERKINS 


QUEEN MARY’S HOSPITAL, ROEHAMPTON 


GoNE are the days when the surgeon’s word was 
law, at least in regard to amputations. In the 
past, surgeons have amputated where and how 
they liked, each one selecting a fresh site, with 
flaps of his own invention—to the eternal joy 
of examiners and the temporary discomfort of 
generations of students. Nowadays surgeons 
have to submit to advice; for amputation is a 
means to an end—the end being to restore to the 
patient his former capacity for earning a liveli- 
hood and for enjoying his leisure. This is done 
by supplying him with a suitable prosthesis ; and 
the best-looking and most efficient prostheses can 
only be fitted to amputation stumps of particular 
VOL. XXXI—NO. 124 


length and shape. A surgeon, not being a 
mechanical engineer, is obviously not qualified 
to assess the relative merits of different artificial 
limbs. Are we, then, as surgeons, to accept 
dictation from the limb-makers? Certainly not, 
because the limb-maker has little knowledge of 
anatomy and physiology. He does not know the 
exact axis of movement of the joints he is replacing, 
nor how those joints are normally controlled ; 
nor does he know the function of those joints. 
I state this with some confidence from the 
knowledge of how much I have myself learned 
about these matters in the few years I have been 
working in association with the limb-fitting 
25 
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centre at Roehampton. Luckily we have in the 
limb-fitting surgeon an intermediary between the 
surgeon, ignorant of engineering, and the limb- 
maker, ignorant of physiology. The limb-fitting 
surgeon is a product of the Ministry of Pensions. 
He is a doctor with an intimate knowledge of the 
construction and working of artificial limbs who 
spends a large part of his working day examining 
stumps and prescribing artificial limbs, and regis- 
tering the faults of both. 

To the operating surgeon the limb-fitting 
surgeon should be a welcome colleague, because 
not only can he order the best type of limb, but 
he is also qualified to see that the prosthesis fits 
and is in a position to teach the amputee its 
correct use. These are three of his functions. 
If, in addition to performing these, the limb- 
fitting surgeon is interested in human mechanics 
and has a restless inquiring mind, ever dissatisfied 
with present knowledge, surgeons may safely 
resign themselves to a subordinate position and 
accept without question the recommendations of 
the limb-fitting surgeon on where and how to 
amputate. 

Provisional and Final Amputations.— 
Unless the surgeon can guarantee a stump that 
will satisfy the requirements of the limb-fitting 
surgeon he should plan to perform two amputa- 
tions: a preliminary or provisional amputation, 
followed, at a later date when the requirements 
can be met, by the definitive or final amputation. 


PROVISIONAL AMPUTATION 


Since it is not intended to fit a prosthesis to 
the stump, a provisional amputation is no concern 
of the limb-maker, and the surgeon need only be 
governed by surgical considerations in his choice 
of site and technique. In all probability the 
wound will not heal without infection, and it is 
wise, therefore, to amputate as low as possible 
in order to preserve unsoiled the tissues that will 
be cut through at the final amputation. The 
amputation should, of course, be done through 
viable tissues, but there is no need to go above 
the level of the infection. Infection, even of 
bone, quickly disappears, given adequate drainage ; 
and an amputation affords excellent drainage in 
as much as all the tissue planes are cut trans- 
versely. The rapidity with which the general 
condition of the patient improves and the local 
infection subsides after a provisional amputation 
illustrates forcibly the long-established surgical 
principle that, of all the local treatments for 
combating or anticipating infection, by far the 
most effective is drainage—a truth apt to be lost 
sight of in this era of chemotherapy. 

By amputating through instead of above the 
infection the neighbouring joint can often be 
retained at the final amputation, as, for example, 
in the case of a grossly infected ununited fracture 
of the tibia, where a provisional amputation at 
the site of the fracture often heals in a few weeks. 

The technique for a provisional amputation 
is the same as that for a final amputation, with the 
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exception that the deep fascia and the skin are nct 
sutured. The skin-flaps are of the same extent 
and shape as in a final amputation. The old- 
fashioned guillotine operation provides better 
drainage, but it has the drawback of leaving a 
large raw area which is painful to dress and takes 
a long time to granulate. Drainage when skin- 
flaps are left is adequate, and the rapidity of 
healing and the greater comfort are well worth 
the sacrifice of the superfluous degree of drainage. 
Healing is much quicker if the skin edges are 
sewn together for an inch in the centre so as to 
cover over the raw end of the bone, as otherwise 
this area takes a very long time to heal. When 
the infection is of some standing it is safe to do 
this partial closure; but when the infection is 
recent and. severe, drainage is more imperative 
and even partial closure unsafe. In an early 
amputation on a battle casualty no stitches at all 
should be inserted. 


FINAL AMPUTATION 
THE TIME FOR AMPUTATION 


It is often difficult to know when it is safe to 
perform the final amputation. Ideally, a final 
amputation should not be done unless primary 
healing can be guaranteed, and this cannot be 
guaranteed while the stump remains unhealed. 
There may, however, be a terminal ulcer that 
refuses to heal, and a certain amount of risk has 
to be accepted. The risk of infection can be 
minimized by waiting until the disappearance 
of surrounding cedema and tenderness, and the 
appearance of a healing edge all round the ulcer. 
In my opinion, clinical observation of the ulcer 
and its surroundings is more trustworthy than 
information gained from culturing the surface. 


THE SITE OF AMPUTATION 


The advice of the limb-fitting surgeons 
should be accepted without reserve. They 
advocate two sites of election in the upper limb 
and two in the lower. In the lower limb these 
are (a) below the knee, and (6) above the knee; 
and in the upper limb (a) below the elbow, and 
(b) above the elbow. 

The actual levels are based on certain con- 
siderations. It used to be thought that the ideal 
position to take weight was on the end of the 
stump, and the stump was left long so that the 
bone could be cut through where it was cancel- 
lous; the Syme, the Stokes-Gritti, and the 
supracondylar amputations were devised with 
this end in view. Every pensioner of the last 
war has a limb-fitting file in which is recorded the 
life history of his stump. This record is not 
buried in the archives of the Ministry, but is 
kept at the local limb-fitting centre and produced 
whenever the man attends for renewal or repair 
of his prosthesis. A wealth of information is 
therefore available on the lasting value and 
freedom from trouble of stumps of different 
lengths, and the limb-fitting surgeons of the 
Ministry, from a study of these records, declare 
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that end-bearing stumps do not last, and that at 
the end of ten years or so the weight has to be 
shifted on to the tuber ischii, which alone seems 
capable of standing up to weight-bearing indefi- 
nitely. If end-bearing is to be discarded, the 
necessity for having a long stump disappears, 
and experience in Great Britain has shown that 
long stumps in the lower limb suffer from defective 
circulation, and that the longer the stump the 
more pronounced the defect. The end of a long 
stump in the winter is cold and blue, suffers from 
chilblains, and frequently ulcerates. Our climate 
may be partly to blame, because the Canadians 
do not report much trouble from poor circulation. 
Granted that the shorter the stump the better its 
nutrition, nevertheless the stump must be long 
enough to remain inside the socket of the prosthesis 
when the joint above is flexed to a right-angle, 
and must be long enough to contain the insertion 
of the muscles that control the joint. 

The Below-knee Amputation.—The limb- 
fitting surgeons lay down that the below-knee 
stump should measure 54 in. from the level of 
the knee-joint to the end of the tibia. Actually 
4 in. is enough, because a 4-in. stump contains 
the insertion of the knee flexors and extensors 
and is long enough to remain inside the socket 
during flexion of the knee. 

It is better, however, to aim at a length of 
54 in. because the below-knee amputation is apt 
to give trouble in healing. Not infrequently the 
skin edges pull apart or slough, leaving a chronic 
ulcer at the end of the stump. Should this 
happen one can, by sacrificing an inch of spare 
bone, excise the ulcer and suture the skin edges 
without tension. 

The shortest stump that can be fitted with a 
below-knee prosthesis depends on the bulkiness 
of the subcutaneous tissues and the prominence 
formed by the hamstring tendons. About 2 in. 
is the limit, although, exceptionally, shorter 
stumps than this can be fitted. 

The Above-knee Amputation.—The above- 
knee stump should measure I1 in. from the top 
of the trochanter to the end of the femur. In 
as much as the adductor muscles are inserted all 
the way down the shaft of the femur, the stump 
must be at least 9 in. long to retain sufficient 
adductor power. For stumps shorter than this, 
the artificial limb cannot be allowed free abduc- 
tion-adduction movement at the hip—a serious 
drawback, because the amputee cannot walk 
without a limp unless he is able to balance his 
trunk over the artificial limb by unrestricted 
movement at the hip. The loss of every inch of 
femur renders the muscular control of the hip 
more difficult, and as much as possible of the 
femur up to II in. should be left. In a tall man 
without arterial disease more may be granted, 
but the end of the stump must be 3 in. above the 
level of the knee to leave room for the fitting of 
the mechanism of the artificial knee-joint. 

When the stump is too short to remain inside 
the socket during movement at the hip, the 


AMPUTATIONS 








379 


amputee has to wear a tilting-table limb. To 
how short a stump it is possible to fit the ordinary 
above-knee limb depends on the amount of the 
subcutaneous tissues. But even when a tilting- 
table is inevitable, the limb-maker likes 4 in. of 
femur left, measured from the top of the great 
trochanter. This small fragment flexed to a 
right angle affords two prominences, one in front 
formed by the end of the stump and the other on 
the lateral aspect formed by the great trochanter, 
round which the socket can be moulded; the 
tendency for the socket to rotate on the pelvis 
is thereby lessened. The limb-makers dislike 
having to fit a disarticulation at the hip-joint. In 
a woman, a high thigh amputation should be 
done at the level of the small trochanter because 
she objects to any lump showing through her 
clothes. 

The Syme Amputation.—Opinions differ 
on the merits of the Syme amputation. The 
limb-fitting surgeons at Roehamptom, judging 
from the number that have had to be re-amputated 
for various reasons, condemn the Syme. The 
Toronto school and the Edinburgh school 
believe the Syme to be an excellent amputation. 
The Roehampton surgeons argue that the below- 
knee amputee is no worse off than the Syme’s 
amputee and can do everything with an artificial 
limb that the Syme’s can do. They say that, 
besides having no advantages, the Syme has two 
disadvantages: (1) The prosthesis never looks 
anything but artificial since the mechanical ankle 
is larger than the normal ankle on the other side ; 
and (2) Unless the Syme amputation is expertly 
performed and heals by first intention the amputee 
cannot be comfortably fitted, whereas a comfort- 
able limb can usually be fitted to a below-knee 
amputee even when the operation has not been 
well performed and even though the wound did 
not heal cleanly. The Toronto school agree 
that for esthetic reasons the Syme is unacceptable 
to a woman, but they strongly advocate it for a 
man in preference to a below-knee amputation. 

It is claimed that the Canadians make a better 
prosthesis for a Syme than the British. This is 
probably true, and equally true that the British — 
make a better below-knee prosthesis than the 
Canadians. The argument that a Syme’s amputee 
can get across a room without a limb carries 
little weight, because all amputees—old and 
young, and whatever the level of the amputation— 
acquire the knack of hopping across a room on 
their sound leg. There is, however, no denying 
that from the patient’s point of view an amputa- 
tion just above the ankle appears less of a catas- 
trophe than an amputation through the upper 
part of the calf. The appeal to the surgeon is 
always the same: ‘‘ Don’t take away too much ”’. 

Balancing the arguments on the two sides, it 
would appear that a Syme should not be done 
on a woman, and in a man should only be done 
by the expert, and then only when there is a 
reasonable chance of primary healing. The 
occasions must be few when it is possible to do 
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a clean Syme amputation and yet not have 
sufficient skin to retain the os calcis. It is likely 
that many amputees with successful Syme 
amputations could have been left with part of a 
foot. Partial amputation of the foot gives 
excellent results, for even in those where an 
equino-varus deformity has developed the foot 
can be made plantargrade and stabilized by 
tendon transplants and arthrodeses. The Syme 
amputation should be reserved for the expert, 
but an even greater expert would probably 
succeed in saving part of the foot. 

The Above-elbow and _ Below-elbow 
Amputations.—In the upper limb the trans- 
mission of weight is not a main consideration, 
and the stump is subjected more to lateral than 
to longitudinal stresses. Nor does a long stump 
in the upper extremity suffer except to a minor 
degree from defective circulation; and it would 
seem, therefore, not to matter much where the 
amputation was done. The limb-maker, how- 
ever, requires a space of 3 in. in which to fit the 
mechanism of the wrist-joint (or the elbow-joint, 
as the case may be) and yet to retain the joint at its 
normal level. The limb-fitting surgeons lay down 
that the optimum length for a below-elbow ampu- 
tation is 7 in., measured from the tip of the olecranon 
to the end of the ulna; and for an above-elbow 
amputation 8 in., measured from the acromion 
process to the end of the humerus. As regards 
minimum lengths, in a below-elbow amputation 
there must be at least 1 in. of ulna below the 
prominence formed by the biceps tendon when 
the elbow is flexed to a right-angle. Similarly, 
in the above-elbow amputation there must be at 
least 1 in. of humerus below the prominence 
formed by the anterior fold of the axilla. Stumps 
shorter than these will not remain inside their 
sockets during movement. As in the lower limb 
and for the same reason, the limb-maker does not 
like a disarticulation at the shoulder. The 
retention of an inch or so of the humerus renders 
it easier to secure the socket to the shoulder- 
girdle. 

Amputation through the Wrist.—Many 
surgeons amputate through the wrist-joint with 
the idea of retaining active rotation of the forearm. 
This amputation is very much disliked by the 
limb-maker since it gives him no room to fit the 
wrist-joint mechanism. As a matter of fact, 
active rotation of the forearm cannot be retained, 
because the socket fits the forearm so snugly as to 
prevent the changes of shape that occur during 
pronation and supination. Fingers, or even parts 
of fingers, should, of course, never be sacrificed, 
but in the absence of a remnant of a finger or a 
thumb re-amputation through the forearm is 
advisable. 


TECHNIQUE OF THE FINAL 


AMPUTATION 


While, of course, the surgeon is free to choose 
his own technique, this should conform to the 
wishes of the limb-fitting surgeon, who knows 
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what sort of stump best stands up to the stresses 
of limb-wearing. 

In the ideal stump: (1) The scar is not 
exposed to pressure ; (2) The scar is not adherent ; 
(3) The skin is not infolded; (4) There is no 
redundant soft tissue ; (5) There is no protruding 
spur of bone ; (6) The stump is not tender ; and 
(7) The wound has healed by first intention. 

I. POSITION OF THE SCAR.—In the days when 
end-bearing was the aim, great care was taken to 
keep the scar away from the end of the stump; 
this was effected by cutting unequal flaps, usually 
a long anterior and a short posterior, which 
located the scar on the posterior aspect about an 
inch from the end of the stump. The limb- 
fitting surgeons ask for a terminal scar in the 
upper extremity, but still retain a liking for a 
posterior scar in the lower extremity. However, 
now that end-bearing has been given up there is 
no longer the obligation to avoid a terminal scar, 
and a terminal scar is automatically removed from 
pressure because in the modern prosthesis there 
is a space between the end of the stump and the 
bottom of the socket. There is much to be said 
for choosing a simple technique and one applicable 
to all amputations, because any surgeon, whatever 
his speciality—and even at times the physician— 
may be called upon to amputate. Moreover, 
amputations in peace-time are not common, and 
few surgeons have the opportunity of becoming 
proficient in this branch of surgery. 

As regards the direction of the scar, the limb- 
fitting surgeons do not like an antero-posterior 
scar in the below-knee and below-elbow amputa- 
tions, because the scar is apt to be pulled up be- 
tween the two bones and form a sulcus; they 
have no objection to a transverse scar in any 
amputation. 

Therefore, since a posterior scar has no 
advantages over a terminal scar, it is wise to choose 
equal antero-posterior flaps for all four amputa- 
tions. This will ensure a transverse terminal 
scar. 

In cutting the skin-flaps it has to be remem- 
bered that the modern socket is conical in shape 
and demands a conical stump. Therefore, the 
skin-flaps should be semicircular instead of 
oblong. 

2. NON-ADHERENT ScAR.—A physiological fact 
—not, perhaps, widely realized—is that the skin 
normally moves freely over the underlying 
tissues. This mobility depends on the integrity 
of the deep fascia. Now, when an amputee walks 
the artificial Jimb slides up and down the leg at 
each successive step. As he puts the foot to the 
ground the stump descends inside the socket, and 
as he takes his foot off the ground the stump pulls 
up out of the socket. . This up-and-down motion, 
known as piston action, takes place not between 
the socket and the skin, but between the skin and 
the underlying soft tissues. If the skin moves 
freely, piston action does not exert tension on the 
deep tissues ; if the skin is adherent, piston action 
is communicated to the deep tissues and the 
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continual drag irritates the nerve-bulbs. The 
structure that normally prevents the skin from 
becoming adherent to the deep tissues is the deep 
fascia; where there is a break in the deep fascia, 
there the skin will become adherent. The deep 
fascia thus assumes great importance in an 
amputation. It is just as necessary to suture the 
deep fascia carefully and accurately as it is to 
suture the skin. With this end in view, after the 
skin has been raised the deep fascia should be cut 
through at the same level, and the skin and deep 
fascia reflected back as a single layer. After the 
amputation is completed the deep fascia is identified 
in much the same way as is the peritoneum in 
closure of the abdomen, and accurately sutured. 
A scar adherent to the end of the bone is no 
drawback, whereas a scar adherent to the soft 
tissues is. Many a guillotine stump with its large 
papery terminal scar has been fitted satisfactorily, 
without re-amputation. Piston action on such a 
stump puts tension on the inert bone, whereas 
piston action when the skin is adherent to the soft 
tissues puts tension on the sensitive nerve-bulbs. 

The deep fascia is absent over the subcutaneous 
surface of the tibia ; accordingly, in a below-knee 
amputation the periosteum is cut through at the 
level of the skin incision and reflected off the 
subcutaneous surface of the tibia in continuity 
with the deep fascia lateral and medial to it. 
This is the only occasion when any attention is 
paid to periosteum ; in all other amputations the 
periosteum is severed with the sawing of the bone. 

3. INFOLDING OF SKIN.—The only difficult 
part of an amputation is the planning and fashion- 
ing of the skin-flaps. Folds of skin are a nuisance, 
because intertrigo is apt to develop in the sulci 
and spread as a septic eczema over the end of the 
stump. Infolding of the skin is inevitable unless 
the perimeters of the two skin-flaps are of equal 
length, and it is difficult to cut unequal flaps in 
such a way that they have equal perimeters. This 
is a further argument for choosing equal flaps for 
all amputations. Even so, one is often dis- 
appointed to find that although one has striven 
to cut equal flaps the anterior flap has a smaller 
perimeter than the posterior flap, and this tendency 
should be borne in mind when planning the flaps. 

The longitudinal length of the flaps should be 
such that the skin edges come together without 
tension. This is particularly important in ampu- 
tation of the finger and in the below-knee 
amputation. Diffuse tenderness of a finger stump 
is common and is always associated with taut skin. 
In the below-knee amputation, if the slightest 
tension has to be applied to bring the skin edges 
together the edges will pull apart for sure; and 
as a precaution it is advisable to sew together the 
two layers of the deep fascia half an inch from their 
edges so as to leave the skin nippled. 

4. REDUNDANT SoFT TIssuEs.—A bulky mass 
projecting beyond the end of the bone serves no 
useful purpose, and being uncontrolled is difficult 
to insert into a conical socket. The limb-makers 


ask that muscles should be cut at the same level 
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as the bone and not left long and sewn over the 
end of the bone. Muscles retract after section, 
and so it is a good plan to cut them half an inch 
lower than where it is proposed to divide the bone ; 
the bone can then be sawn through flush with the 
retracted muscles. As a matter of fact the limb- 
fitting surgeons do not mind the muscles retract- 
ing from the end of the bone and do not object to 
the last half-inch of the bone being only covered 
with skin and fascia. Excess of subcutaneous 
fat makes limb-fitting difficult, and, in women 
especially, as much subcutaneous fat as possible 
should be removed before suturing the skin. 

5. PROTRUDING SPUR OF BONE.—In amputa- 
tions of the upper extremity and in the above- 
knee amputation the limb-fitting surgeons are 
content if the bones are cut through transversely. 
In the below-knee amputation they ask: (1) that 
the sharp anterior angle of the tibia should be 
bevelled, and (2) that the fibula should be cut 
I in. shorter than the tibia. The bevelling of 
the tibia is easiest done by making an oblique 
saw cut through the anterior half of the tibia 
previous to sawing through the bone transversely. 
Care must be taken that the loose piece of bone 
is removed and not left semi-attached to the 
shaft. The reason for shortening the fibula is 
twofold. Normally, the fibula is under longi- 
tudinal compression like a bow. After amputa- 
tion the bone assumes a more vertical shape and 
if not cut shorter will project beyond the tibia ; 
the skin may then become tightly stretched 
over it and tend to ulcerate. The second reason 
for shortening the fibula is to prevent cross 
union. If the fibula remains isolated it acts as a 
spring which, on being compressed by the socket, 
renders more exact the apposition between the 
socket and the stump. The limb-fitting surgeon 
deprecates total removal of the fibula. 

6. TENDER STUMPS.—Neuromata form on 
the proximal ends of all divided nerves, but 
except in a stump they are hardly ever painful. 
There are three obvious causes for painful neuro- 
mata: (a) pressure from the socket, (6) traction 
from piston action, and (c) traction from muscle 
pull. 

a. Pressure of th: Socket.—The only part of 
the stump that is certainly immune from pressure 
is the end, which does not come into contact with 
the socket. It would seem desirable, therefore, 
to leave the nerves as long as possible. This is 
contrary to popular teaching. It is taught that 
the main nerves should be sought for, pulled 
down, crushed, and ligatured as high as possible. 
We now believe that the nerves are best cut 
through with the muscles and afterwards left 
undisturbed ; in fact, if the surgeon does not 
know where to find them so much the better. 

b. Traction from Piston Action.—Piston action 
will not be communicated to the neuromata if 
the skin moves freely over the deep tissues, and 
this desirable end can be attained by sewing 
together the two layers of deep fascia just before 
closing the skin. 
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c. Traction from Muscle Pull.—The less the 
nerves are interfered with at the time of the 
operation, the less likely they are to become 
adherent to the neighbouring tissues. Some 
adhesions are probably inevitable, and it is 
advisable to get the patient to contract his muscles 
and to move the stump as soon as possible after 
the operation, so that the adhesions are stretched 
before they become inelastic. 

It is one thing to prevent stump tenderness 
and quite another to cure a tender stump. Sur- 
gery has its limitations, and is only likely to be 
effective when the tenderness is due to local 
infection or to irritation of neuromata from 
being attached by unstretchable adhesions to 
skin or to muscles. 

Tender stumps may be classified as follows: 
(1) Tenderness caused by cellulitis or osteo- 
myelitis—this group can be recognized on clinical 
examination. (2) Tenderness associated with 
limb wearing. Ifthe tenderness does not come on 
until the patient has started wearing a limb or 
ceases a few days after he has left off wearing his 
limb, it is probably due to faulty limb-fitting. 
(3) Diffuse superficial tenderness unassociated 
with limb wearing. This appears before the 
patient has worn a limb or persists after he has 
ceased wearing his limb for a while. It may be 
due to local irritation of the nerves of the stump, 
but this is unlikely unless the skin is adherent. 
(4) Localized deep tenderness. This is due to 
an irritable neuroma. (5) Pain in the stump 
brought on by active or passive movement of the 
stump. This also is due to irritation of a 
neuroma. 

In the absence of chronic infection, surgery 
is only indicated when neuromata are being 
irritated. In general, surgery is worth while 
when there is localized tenderness and when 
there is pain on movement of the stump. Diffuse 
superficial tenderness is rarely cured by surgery. 

Operations for painful neuromata are now 
uncommon. In two and a half years at Roe- 
hampton I have not operated more than ten 
times for neuromata, whereas at Ducane Road 
Hospital after the last war neuromata were 
excised at the rate of one or two a week. Should 
operation become necessary it is better to leave 
the neuromata undisturbed and to divide the 
main nerves at a higher level, where the subse- 
quent neuromata will not be surrounded by scar 
tissue and will not be subjected to pressure by 
the socket. In the below-knee stump the two 
popliteal nerves are divided behind the knee. In 
the above-knee stump the sciatic and the anterior 
crucial nerves can be approached through in- 
cisions above the upper limit of the socket; in 
the below-elbow stump, all three main nerves 
are divided at the level of the elbow through 
incisions that are not touched by the prosthesis ; 
and in the above-elbow stump all the main nerves 
can be reached in the axilla. 

Sometimes tenderness remains when all the 
main nerves have been divided at a high level. 
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This means that the tenderness did not originate 
in the stump, and further surgery is strongly 
contra-indicated. . Some stumps remain tender in 
spite of all treatment. 

7. PRIMARY HEALING.—While it is true that 
many stumps that did not heal by first intention 
have been satisfactorily fitted with artificial limbs, 
it is equally true that primary healing is the best 
guarantee that the stump will never give any 
subsequent trouble. Nothing, therefore, should 
be left undone to ensure the absence of sepsis. 
Sepsis is nearly always preceded by a hematoma, 
and the problem of avoiding sepsis is the problem 
of avoiding a hematoma. The most meticulous 
attention should be paid to hemostasis, and 
every tiny bleeding point should be tied or cauter- 
ized. The value of drainage is debatable. A 
drain rarely lets blood out and it may let infection 
in, and the skin becomes adherent at the points 
of exit of the tube. On the other hand, the 
removal of the drain at the end of forty-eight 
hours leaves a channel for the release of a pent-up 
hematoma. The patient ought to be reasonably 
comfortable on the day after the amputation. 
Should he have pain it is wiser to dress the wound, 
and if the stump is distended with blood, the 
surgeon had better pocket his pride, reopen the 
wound, and secure the bleeding-point. 

Summary of the Technique of the Final 
Amputation.—Having considered the bétes-noires 
of the limb-fitting surgeons, we are now in a 
position to outline a satisfactory technique. The 
technique should be almost the same for all four 
amputations—semicircular equal anteroposterior 
skin-flaps ; reflection of the skin and deep fascia 
in one layer; cutting the muscles transversely 
3 in. below the site of the proposed bone section ; 
sawing the bone flush with the retracted muscles ; 
careful hemostasis ; suture of the two layers of 
the deep fascia; and, finally, closure of the skin. 


AFTER-TREATMENT 


The surgeon’s work does not finish at the end 
of the operation. Two further duties remain to 
be discharged: (1) To prepare the stump to 
receive a prosthesis; and (2) To teach the 
patient how to use his prosthesis. 

PREPARATION OF THE STUMP.-——This is a four- 
fold task: shaping the stump, strengthening the 
muscles, regaining movement at the joint above, 
and reconnecting the brain to the stump. 

Shaping the Stump:—The stump has to be 
converted from a wide cylinder to a narrow cone. 
Time will effect the change, but the process can 
be hastened by compression of the stump. This 
is done either (a) by bandaging, or (6) in the 
lower extremity, by the wearing of a pylon. Of 
the two methods the limb-fitting surgeons prefer 
the first. It has the advantage that it can be 
started early, long before the stump will tolerate 
a pylon. The bandage must be applied under 
the greatest possible tension, and this is facilitated 
by rolling the bandage tightly before applying 
it. Care must be taken that the greatest tension 





nate 
igly 
rin 


that 
tion 
abs, 
Dest 
any 
yuld 
Sis. 
ma, 
lem 
ous 
and 
ter- 


‘ion 
ints 
the 
ght 
-up 
bly 
ion. 
nd, 
the 
the 


nal 
ires 
1a 
The 
our 
rior 
cia 
ely 
mn ; 
eS 5 
of 
cin. 


the 





AMPUTATIONS 383 


is applied to the end of the stump, otherwise the 
stump becomes bulbous instead of conical. The 
bandage is effective only so long as it remains 
taut, and frequent re-application during the day 
is advisable. For the lower extremity, two 6-in. 
crépe bandages, sewn end to end to make one 
long bandage, are used; and for the upper 
extremity, one 4-in. bandage. The pylon method 
has the advantage that it enables the patient to 
dispense with crutches early, but the pylon, unless 
expertly constructed, constricts the tissues in the 
wrong places and may damage the stump. 

Strengthening the Muscles.—This applies espe- 
cially to the above-knee amputation. The par- 
ticular muscles in need of strengthening are the 
adductors and the extensors; the adductors, 
because part of them has been sacrificed since the 
amputation site is above the level of their inser- 
tion, and because the tendency for the artificial 
limb to swing outwards during walking has to be 
checked ; and the extensors, because they have 
in future the double task of extending the hip and 
extending the artificial knee. The muscles are 
strengthened by exercising them against a weight 
and pulley. A sling is placed round the thigh 
and a cord from this passes over a pulley to a 
weight of 7-10 lb. The pulley. is attached to 
the wall or tied to the back of a chair. 

Regaining Movement at the Joint Above.— 
Much can be done by prophylaxis. A stump 
should not be nursed on a pillow, and the patient 
should be encouraged to move the joint as early 
as possible after the operation. Flexion deformity 
at the knee and flexion-abduction deformity at 
the hip are especially to be avoided. Should a 
deformity develop, movement can usually be 
restored by the weight and pulley exercises used 
for strengthening the muscles. 

Reconnecting the Brain to the Stump.—This 
is vital. The damaged limb has often for many 
months been lying inert, and, as with a blind eye, 
telephonic communication between the brain and 
the muscles is suspended. Unless it is restored 
the patient will be unable to control the prosthesis 
by the muscles of his stump, and in the case of 
the leg the prosthesis will be swung forward 
passively by the trunk muscles instead of being 
actively controlled by the hip muscles. The 
damaged extremity can readily be restored to 
consciousness by giving it something to do. The 
simplest method is to make the patient play with 
a large, soft indiarubber ball, which he can propel 
with his stump whatever the level of the amputa- 
tion. 

Teaching the Patient how to use his Prosthesis. 
—Some appliances, a pair of spectacles, for 
example, need no instruction in their use. Not 
so the artificial limb, with the possible exception 
of the below-knee limb which an amputee fre- 
quently takes to like a duck to’ water. To walk 
without a limp with an above-knee prosthesis 
the amputee has to be taught. The teaching 
consists essentially in making him balance on his 
artificial limb. Balance is normally maintained 


by the foot muscles, whereas an amputee has to 
learn to balance by using his hip muscles. An 
artificial arm is even more difficult to use without 
instruction, and an arm amputee is tempted to 
discard his prosthesis as more bother than its 
worth unless he is trained to use it. The training 
is more difficult than in the case of the lower 
extremity because the scapular muscles have to 
take on the function of the finger muscles. 

The training of the amputee in the use of his 


-prosthesis has been, and still is, neglected. All 


too frequently the leg amputee learns to use his 
artificial limb as he learned to skate—by falling 
down a number of times. The time for training 
is when the amputee first tries on his limb, and 
at this stage he is still in the hands of the limb- 
fitter, who cannot be expected to know the 
mechanics of walking. 


CINEPLASTIC AMPUTATIONS 


These aim at isolating opposing muscles in 
the stump and harnessing them to an artificial 
hand. In one method the muscle with its bony 
attachment is freed and covered with skin, to 
form a club-shaped extremity round the neck 
of which a thong is tied. In another and prefer- 
able method a tunnel is made through the muscle 
and lined with skin, and a ring or rod passed 
through the tunnel. 

Cineplastic amputations were tried in England, 
and to a much larger extent in Italy, after’ the 
Great War, and in both countries the operation 
has been abandoned. Various reasons have been 
assigned for the failure—in particular, poor 
surgical technique and too heavy a limb. It has 
been urged that, with the advance in plastic 
surgery and the introduction of light metal alloys, 
the procedure should be given another trial in 
this country. The limb-fitting surgeons at 
Roehamptom are not in favour of further experi- 
mentation. They argue that the cineplastic 
amputee cannot perform as many functions as 
the ordinary amputee. The cineplastic enthusi- 
asts agree, but they claim that the cineplastic 
amputee has better control of what movements 
he can make. 

To form an unbiased judgement one would 
need to examine and compare the capabilities 
of a number of amputees, some with ordinary 
limbs and some with cineplastic limbs. As it is, 
the opposing schools remain far apart, each 
proudly displaying what his own amputee can 
do without knowing the capabilities of the other. 

Theoretical considerations, however, weigh 
heavily against the cineplastic school. Extreme 
delicacy of movement is impossible with either 
form of amputation because the artificial hand is 
without sensation. Moreover, the hand, although 
used at times for precise and delicate actions, is 


‘chiefly: concerned with maintaining a grasp— 


a manceuvre requiring excursion and power; 
and both excursion and power are greater when 
movement is activated by the rounding of the 
shoulders (as in the ordinary prosthesis) than 
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when movement is activated by cineplastic 
motors. Nor is there any reason to believe that 
the central nervous system cannot control the 
scapular and upper trunk muscles as delicately as 
it controls the isolated cineplastic muscles. 

At Roehampton one can see a man with a very 
short above-elbow stump pick up and put down 
cigarette ash without spoiling its cylindrical 
shape. Although it would appear that on the 
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grounds of muscle excursion, muscle power, and 
delicacy of movement, the ordinary amputee is as 
well off as the cineplastic amputee, it is reasonable 
to expect that surgeons will wish to try their 
hand at making cineplastic motors. They will 
find the technique described in a small book by 
Nissen and Bergmenn, of New York: Czneplastic 
Operations on Stumps of the Upper Extremity, 
published in this country by Messrs. Heinemann. 





FAT EMBOLISM IN 


WAR SURGERY* 


By Major J. V. WILSON, R.A.M.C., D.A.D.P., MALTA COMMAND, 
AND Major C. V. SALISBURY, Surcicat SPpEcIALIst, R.A.M.C. 


FAT embolism as a complication of trauma has, 
until recently, received comparatively little atten- 
tion in the English literature. To-day, as a 
result of the study of the pathology of trauma, 
the war surgeon realizes that in so-called ‘ surgical 
shock’ he must eliminate blast injuries, the crush 
syndrome, and fat embolism. All these condi- 
tions have a definite clinical picture and character- 
istic pathology and demand rational treatment. 
Elsewhere we have published our observations on 
blast (Wilson, 1944; Wilson and Tunbridge, 
1943; Tunbridge and Wilson, 1943). Here we 
wish to record our experience of fat embolism 
gained during three years of war surgery and 
the routine post-mortem examination on cases 
of trauma. 

Scuderi (1934, 1938, 1941) has made a com- 
prehensive review of the subject of fat embolism, 
tracing it from the earliest experiment of Lower 
(1669) to modern times; other recent authors 
who have described cases and given critical 
reviews are Watson (1937); Harris et al. (1939), 
Robb-Smith (1941), and Rowlands and Wakeley 
(1941). It has been estimated that there are now 
over 600 references in the growing literature of 
the subject. 

A definition of fat embolism as a state in which 
globules of fat are present in the circulation of 
sufficient size to cause blockage of the intimate 
vascularities of various organs may be accepted 
in principle, though there is some evidence that 
local action of the fat particles on the capillary 
walls may be a feature of the pathology of the 
condition. 


INCIDENCE 


Opinions as to the incidence of fat embolism 
vary widely, but most workers agree that in the 
routine post-mortem study of cases of trauma 
some degree of fat embolism can be found, but 
this is rarely severe. Our own experience agrees 
with this. It is not, however, confined to trauma. 
Lehman and McNattin (1928) found that fat 
embolism is present in the lungs in about 50 





* Based on a demonstration to the Malta Services 
Clinical Club, May, 1942. 





per cent out of I00 consecutive post-mortems, 
the majority of which did not suffer from trauma. 
The severe degrees of fat embolism are, however, 
chiefly confined to cases which have sustained 
injuries of various types. 

Vance (1931) reported on 246 necropsies 
which occurred among the routine examinations 
of the Office of the Chief Medical Examiner of 
New York City. In 164 of these who had 
suffered various types of injury, he found evidence 
of fat embolism in 102 cases, it being severe in 
11 and fatal in 3 cases. Seventy-five per cent of 
his cases of fracture of bones of the extremities 
showed fat embolism on examination of the lungs 
and kidneys. Robb-Smith (1941) reported a 
post-mortem study of 115 accident cases and 
found that in 25 per cent fat embolism was the 
major fatal factor. 

This study is based on 1000 consecutive 
battle casualties admitted to the surgical wards 
of a military hospital. No attempt was made at 
selection; the only proviso made was that in 
cases which recovered, the injury should have been 
serious enough to warrant their stay in hospital 
for at least a week. These cases suffered from 
all types of war injury, usually multiple, but 119 
cases suffered from fracture of long bones only, 
no other injury being present. In this series 
of 1000 cases we had 8 cases of clinical fat embol- 
ism, 6 of which died. This gives.a total incidence 
of o-8 per cent in all battle casualties, and a 
mortality-rate of 75 per cent. 

Since we are dealing with an entire male 
adult population, no attempt can be made to 
compare incidence in the various age groups and 
between the two sexes. It is stated, however, 
that the condition is more common in males 
between 20 and 4o years of age; the reason 
given is that males are more subject to trauma 
and the adult bone-marrow contains more oleic 
acid than the marrow in youth, and, since oleic 
acid is more liquid at body temperature than the 
other fats, it is more likely to enter the blood- 
stream and produce emboli. It is a fair assump- 
tion that even this figure of 0-8 per cent incidence 
is higher than would occur in an ordinary mixed 
practice in civilian life. 
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PATHOGENESIS 


Most workers agree that the majority of 
cases of clinical fat embolism are associated with 
trauma. Some writers describe cases occurring 
due to non-traumatic causes such as poisoning, 
diabetes, burns, etc., but we have had no experi- 
ence of these aetiological features. Blast injuries 
alone do not produce clinical fat emboli; but if 
there is pulmonary concussion present, then 
trauma which alone would appear trivial may 
precipitate fat embolism severe enough to cause 
death (i.e., Case 3). Further, it is agreed (Robb- 
Smith, 1941 ; Vance, 1931) that some degree of 
fat embolism occurs after most cases of trauma 
to fatty tissue, but that it is usually mild and 
the body is able to deal with it adequately. 
This corresponds to our own experience. In 
some cases, owing to the operation of a factor at 
present ill understood, either the fat globules are 
produced in excess or the body’s protective 
mechanism appears to break down and so a clinical 
syndrome results. In our search as to why this 
should occur we have four lines of inquiry: (1) 
The source of the fat ; (2) Its mode of entry into 
the circulation if it arises from outside the blood- 
stream ; (3) The exact mode of action of the fat 
globules—is it simply mechanical or partly 
chemical? ; (4) The manner in which the body 
deals with excess fatty globules in the circulation. 

At present there is no complete answer to any 
of the questions. It is generally accepted that 
the fat originates at the site of the injury, especially 
in the marrow of long bones in cases of fracture ; 
that it enters the venous circulation through the 
broken blood-vessels, aided possibly by the 
pressure of the resulting hematoma, the rigid 
bone itself, spasm of the surrounding muscles, 
and any pressure resulting from a plaster applied 
in treatment ; and that, having gained entrance 
into the venous channels, it is carried to the 
lungs, passes through the general circulation (or 
via a patent ductus arteriosus), and so may cause 
symptoms of mechanical blockage of the lumen 
of the arteries and capillaries. Gauss (1924) 
accepts this principle, and states that fat embolism 
is produced by trauma only when three conditions 
are present: (1) the force must break up the fat 
cells and so set free liquid fat ; (2) the force must 
tear the small vessels in the neighbourhood of 
the liquid fat and so permit entrance; (3) some 
mechanism must be present locally to drive the 
fat into the torn ends of the vessels. 

1. Source of the Fat.—Though it is generally 
accepted that the fat globules occurring in fat em- 
bolism arise locally from the injured fatty tissue 
and bone-marrow, there are arguments against this 
as being the sole source of origin. In some cases 
there is no close relationship between the extent 
of the trauma and the degree of fat embolism. 
Further, the work of Lehman and Moore (1927) 
suggests that, judging by the tolerance of dogs for 
cotton-seed oil injected intravenously, even if 
the whole fat present in the marrow of the femur 
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were injected into men no symptoms should 
result. Fat is present in the body, both in the 
general circulation, where it is carried as an 
emulsion of very fine particles which easily pass 
through the capillary bed, and as depot fat in the 
bone-marrow, omentum, subcutaneous tissue, 
etc. Chemically the blood fat consists of a 
mixture of a sterol (cholesterol making up 10 
per cent of the blood fat) and three groups of 
fats (the natural fats, the phospholipids, and 
cholesterol esters). All four are present in both 
plasma and cells, but in different proportions. 
The concentration of fat in the blood varies 
between 0:2 and 20 per cent, according to the 
fatty content of the previous meal and so forth. 


' Theoretically, therefore, the fat emboli may have 


two sources of origin—either from the depot 
fat, especially that at the site of injury, or from 
the fat of the blood-stream itself. If it does not 
arise locally, there are two possibilities :— 

a. Asubstance such as histamine may originate 
in the injured tissues themselves, which, circulat- 
ing in the blood, might alter the state of the blood 
fat and/or mobilize storage fat. 

b. The fat deposits are under joint nervous 
and hormonal control. The influence of the 
nervous system has been shown by Mansfeld and 
Miller (1913) and has been confirmed by various 
writers. It would appear that the sympathetic 
nerves maintain a tonus effect on the fat cells 
favouring the discharge of fat, and so fat embolism 
may to some extent be a nervous phenomenon. 

Neither of these postulates has any experi- 
mental support, and it may well be that the 
explanation of Lehman and Moore’s work is that 
it is not so much the quantity of fat that matters, 
but, as we shall discuss later, it is the quality of 
the fat that is important. 

2. Entrance of Fat into the Circulation.— 
Closely coupled with this problem of origin of 
the fat emboli is the question of entry into the 
circulation. If it arises from the blood fat then 
a portal of entry is not necessary, but if the chief 
source is local then we must postulate that some 
factor, possibly local pressure, drives the fat into 
the broken capillaries and veins or else into the 
lymphatic system. Most workers favour a venous 
origin, as the lymphatics as a source of spread of 
the fat globules appear to be unimportant in the 
majority of cases. Workers are divided as to the 
pressure existing in the normal narrow cavity. 
Some suggest that it is a negative pressure and so, 
in trauma, fat can be sucked into the broken 
capillaries; but others deny this and find the 
pressure in the narrow cavity to be positive. At 
present, as Scuderi puts it, you can choose which 
school you will. 

3. Mode of Action of the Fat Globules.— 
Whilst it is generally accepted that most of the 
symptoms of fat embolism are due to simple 
blockage of the smaller vessels, there is some 
experimental work to support the theory that 
the fat globules may have a local action on the 
capillary walls. Certainly in examining sections 
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of lung tissue from these cases we have found 
evidence of capillary damage. This, of course, 
may be the result of congestion and anoxemia 
and not local toxic action. Lehman and Moore 
(1927) used cotton-seed oil in their experiments on 
animals, and so their conclusions are based on the 
assumption that this oil has a similar action on 
the normal fat of the body, and that man can 
tolerate fat equally with animals weight for weight. 
Harris et al. (1941) have used human fat obtained 
from the medullary cavity to inject rabbits, and 
have shown that hydrolysed fat is much more 
toxic than neutral fat and produces an intense 
hemolytic exudate in the lungs of the experi- 
mental animal. This strongly suggests that some 
of the effects of fat embolism result from an 
alteration in the fat which renders it more toxic. 
They further suggest that this change is in the 
nature of hydrolysis by lipases and that the fatty 
acids and resulting soaps are the irritative sub- 
stances. Much work has been done on the 
reaction of the body to the various mixtures of 
human fat containing fatty acids, soaps, and 
cholesterol. Hirsch (1936, 1938, 1941) has 
shown that whilst the reaction of tissues about 
unhydrolysed fat is similar to that against an 
inert °ii ike liquid paraffin; with the hydrolysis 
of fats and the liberation of fatty acids other 
chemical forces are released. These include: 
(a) The acidity developed in the surrounding 
tissue medium; (6) The physical state of the 
fatty acid, whether solid or liquid; (c) The 
nature of the soaps or esters formed; and (d) 
The chemical structure of the fatty acid. Fatty 
acids in contact with alkaline mediums abstract 
basic ion from the tissue fluids and release 
hydrogen ions into them. Acute necrosis of the 
tissues seems to result from the acidity produced. 
The reaction of the tissues to the fatty acid soaps 
depends on the basic ion entering into the reaction 
and the chemical structure of the fatty acids. 
Many of the fatty acids produce non-specific 
irritative reactions, attracting primarily histiocytes 
(clasmatocytes), monocytes, fibroblasts, and epi- 
thelioid cells. It may well be that some of the 
results of so-called fat embolism may be due to 
such local action, and it would seem quite fair to 
assume that the fat, having changed its form in 
the blood, and instead of circulating in the blood 
as a fine emulsion, now circulated in large droplets, 
may also have altered in chemical composition. 
This, however, lacks final proof and at present 
is but an assumption. 

4- Elimination of the Fat Emboli.—If fat 
emboli are present, usually in small amounts 
after most cases of trauma, especially fracture, it 
may be that clinical fat embolism may develop 
in the occasional case because of some defect in 
the body’s mechanism of dealing with the excess 
globules. A study of how the body deals with 
fat emboli is thus very important. Elimination 
of the fat emboli (Gauss, 1924) may occur in the 
following ways: (a) Elimination by the kidneys ; 
(6) Removal by the liver cells ; (c) Absorption by 
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phagocytic endothelial cells ; (d) Solution of the 
emboli by a lipase, either in the blood-serum or 
in the tissues themselves. 

Fat is excreted by the kidneys, but there is no 
evidence of renal damage in these cases to an 
extent which would interfere with excretion of 
fat. It is generally regarded that liver damage 
produces only obstructive type of lipases, but 
since lipemia may be found in cases of necrotic 
changes in the liver with a minimum of infiltra- 
tion, we must assume the presence of an active 
mechanism for the removal of fat from the blood 
by the liver cells. This active mechanism would 
seem to be controlled by the pancreas, since 
Lombroso (1923) has shown that a normal dog’s 
liver removes fat from perfused blood, but the 
liver of a depancreatized dog fails to do so, but 
will if insulin is given. This is important in 
treatment as well as in discussing aetiology. 

The role of the fixed tissue phagocytes in 
lipoid metabolism has been studied by Hirsch 
and Weinhause (1940), and they have shown that 
the reticulo-endothelial cells remove various 
emulsified lipoids from the blood, but if an 
unemulsified mass is introduced it simply pro- 
vokes the formation of chronic granulation tissues 
containing mononuclear phagocytes and foreign 
body giant cells. Thus there is evidence that the 
fixed tissue phagocytes have a function in lipoid 
metabolism and that their activity is governed 
by the chemical composition and physical proper- 
ties of the lipoid complex. 

As regards the action of a lipase, it is to be 
noted that Paul and Windholz (1925) have shown 
that animals can build up a tolerance to fat 
embolism if repeated small intravenous injections 
of fat are given. Eventually they can withstand 
many times the lethal dose, and so it would 
appear that the body can form some substance 
which will destroy the fat emboli, possibly a 
lipase, or that the active mechanism of the liver 
is stimulated. 

It will thus be seen that whilst much work 
has been done in an attempt to elucidate the 
pathogenesis of this condition, the actual mechan- 
ism involved is by no means clear. It will be 
seen, however, that the chemical as well as the 
physical characteristics of the fats present are 
important. 


CASE REPORTS 


Case 1.—Sergéant Pilot (R.A.F.), aged 21, was 
admitted suffering from multiple injuries as a result 
of a crash landing. There was a simple transverse 
fracture of the left femur and evidence of intra- 
abdominal injury. A laparotomy was performed 6 
hours after admission, and it was found that a retro- 
peritoneal hemorrhage was present, the bleeding 
originating from smaller vessels of the root of the 
mesentery and perirenal tissue. The retroperitoneal 
space was drained and the femur treated with a 
Kirschner wire and extension. After the operation 
his general condition was satisfactory. ‘Twenty-four 
hours later he became restless, dyspneeic. cyanosed, 
and soon passed into coma. His temperature rose 
to 103° F., and pulse and respiration increased 
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accordingly, but his blood-pressure remained over 
100 systolic. There was no evidence of pulmonary 
consolidation or suggestion of intra-abdominal hemor- 
thage. He died 30 hours after operation without 
regaining consciousness. There was no cough or 
sputum, but fat was found in his urine just before 
death. Lumbar puncture showed that the cerebro- 
spinal fluid was not under pressure and was normal. 
The blood-picture was complicated by the repeated 
transfusions and blood-loss. At the onset of the 
coma the findings were: R.B.C., 3,760,000; Hb, 
76 per cent; C.I., 1 (approx.). 

At Autopsy.—Right-sided blood-stained pleural 
effusions with ecchymoses of pleural surface of 
diaphragm. Both lungs were congested and cedema- 
tous and showed, both on the subpleural surface and 
the lung substance, multiple areas of hemorrhage up 
to 4 in. diameter. There was a small active tuber- 
culous focus at the left apex, with a caseous bronchial 
lymph-node. There was a_ small blood-stained 
peritoneal effusion. There was a large blood-clot 
surrounding the right kidney, apparently due to 
rupture of small vessels, as the main renal artery and 
vein were intact; a few of the small mesenteric 
vessels were also ruptured. The other thoracic and 
abdominal organs appeared normal. The skull was 
intact ; the meningeal and cortical vessels were con- 
gested and the brain was oedematous. After fixation, 
cross-section of the brain showed numerous pin-point 
hemorrhages scattered through the white matter and 
particularly in the region of the corpus striatum ; 
similar heemorrhages were seen in the midbrain and 
cerebellum. 

Microscopical Findings.—Examination of fresh 
preparations of lung tissue by Robb-Smith’s technique 
showed the presence of large numbers of fat emboli 
in the capillaries and small arterioles. The lungs, 
stained by hematoxylin and eosin, showed capillary 
congestion and the alveoli contained oedematous 
fluid and small collections of red blood-cells. There 
was no evidence of inflammation, and both alveolar 
and capillary beds were intact. Stained with osmic 
acid, the capillary beds were filled with emboli. The 
kidney showed cloudy swelling of the tubules, and 
osmic acid staining revealed fat emboli scattered 
throughout the glomeruli. The brain showed evi- 
dence of perivascular inflammation and hemorrhages 
around the vessels in the white matter. There was 
no apparent degeneration of the myelin sheath. The 
smaller vessels contained fat emboli. 


Case 2.—Pilot Officer (R.A.F.), aged 22, was 
admitted suffering from an extensive comminuted 
fracture of the left femur, closed transverse fracture 
of the neck of the left humerus, and multiple bruises 
of the left side of the body. He appeared shocked 
on admission, his blood-pressure being 90/80, pulse 
120, and respiration-rate 25. He responded rapidly 
to warmth and transfusion of blood and plasma, and 
was operated on 6 hours after admission. For the 
first 24 hours after operation his course was uneventful, 
but at the end of the second day his temperature rose 
and he became restless, cyanosed, and dyspneeic. 
His pulse-rate rose to 140. He lapsed into coma and 
died 16 hours later, without regaining consciousness. 

No sputum could be obtained for examination, 
but his urine contained traces of fat just before death. 
His blood-picture at the end of the second day was: 
R.B.C., 4,200,000; W.B.C., 10,600. This picture 
was, however, complicated by the repeated blood 
transfusions he had had. A lumbar puncture was 
done when he lapsed into unconsciousness and 
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the fluid was clear and not under pressure. Examin- 
ation showed that it contained a normal number 
of cells and normal values of protein, globulin, 
and sugar. 

AT AutTopsy.—Bruising down the whole left side 
of the body and thigh ; the left femur was fractured 
in six places. There was no abnormality in the 
pleura, but the appearances of the lungs were similar 
to those in Case 1. The heart showed petechial 
hemorrhages on the posterior surface of the ven- 
tricles. There was an excess of peritoneal fluid and 
the abdominal organs were congested. The brain 
was similar to that of Case 1—congested cortical 
vessels and petechial hemorrhages in the white 
matter of cerebrum and cerebellum—but the mid- 
brain and pons appeared normal. 

Microscopical Examination.—With ordinary stains 
and frozen sections for fat the changes were identical 
with those of Case 1. Fat embolism in the lungs, 
kidney, and brain with congestive changes. 


Case 3.—A private soldier, aged 20, had been 
injured when a cinema in which he was present 
received a direct hit. He was trapped in the falling 
debris and received multiple slight abrasions, together 
with severe lacerated wounds and crush injuries of 
the right thigh. There was no bony injury present. 
He was shocked on admission, but responded to 
therapy; his blood-pressure four hours after admission 
was 100/85. His wound was cleaned and that 
evening his condition appeared normal. During the 
night his temperature rose suddenly, he became 
restless, pulse 140, respiration 25 per minute. His 
blood-pressure was 100/65. He was pale, slightly 
cyanosed, and sweated profusely. His restlessness 
increased, and he passed rapidly into coma and died 
a few hours later. There were no physical signs 
in his chest and no localized neurological signs. The 
cerebrospinal fluid was not under pressure, and 
laboratory examination showed it to be normal. The 
sputum was not examined and the urine was negative 
for fat. Unfortunately his blood-count was not done. 

AT AutTopsy.—No fractures or external injuries. 
Bronchi contained blood-stained frothy mucus and 
the lungs were congested with areas of hemorrhages ; 
the subpleural hemorrhages had no definite pattern, 
and were not related to the ribs or intercostal spaces. 
There were superficial myocardial hemorrhages. 
The abdominal organs were congested. ‘The appear- 
ance of the brain was similar to that of Case 2, save 
that the petechial hemorrhages were not marked 
in the region of the internal capsule. 

Microscopical Examination.—Fresh and fixed pre- 
parations showed fat emboli in the lungs, with a hemor- 
rhagic exudate which was more cedematous than is 
found in blast injury ; there was fat embolism of the 
kidney and the brain, but the latter showed no myelin 
degeneration, though ring hemorrhages were present. 


Case 4.—Male, aged 18, a Maltese civilian em- 
ployee, was hit by a bomb splinter when working on 
an aerodrome. He sustained a small penetrating 
wound of the chest and compound fracture of the 
right humerus. On admission, he was _ severely 
shocked but responded to treatment, and 4 hours 
later was operated on. The chest wound was explored 
and the gap in the pleura closed, and his arm wound 
was treated and a Thomas splint applied. Two pints 
of whole blood had been given before operation. 
He improved. Twenty-four hours after operation 
he suddenly became much worse, his pulse-rate rose 
to 135, his blood-pressure fell to 90/60, and he 
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became cyanosed, dyspneeic, and delirious. He 
passed into coma and died 12 hours later. No 
sputum was sent for examination and fat was not 
found in the urine. His blood-picture was compli- 
cated by the frequent blood transfusions, but no 
abnormal cells were found. 

At Autopsy.—Contused wound of right upper 
arm and fracture of upper end of humerus. A small 
bomb splinter had passed through the right axilla, 
fracturing the 4th rib, injuring the pleura and lung, 
and finally lodging in the posterior chest wall. There 
were 200 c.c. of fluid blood in the right pleural space. 
The pleural tear had closed and the lung injury was 
superficial; but the underlying lung was hemor- 
rhagic and congested. The left pleural space was 
natural, but the lung was congested with scattered 
hemorrhages in the subpleura and deep in its sub- 
stance. The heart and abdominal organs appeared 
natural. The brain showed changes similar to those 
in Case 1. 

Microscopical Examination.—This showed fat 
embolism in the lungs and brain, the latter showing 
no myelin degeneration, but no changes were found 
in the kidney. 


Case 5.—A rating (Fleet Air Arm), aged 22, sus- 
tained severe injuries to his right thigh when the 
building was struck by a bomb. There was a 
compound fracture of the right femur. On admission, 
he was severely shocked and received 2 pints of plasma 
and 1 pint of whole blood prior to operation. He 
recovered sufficiently to be operated on 4 hours 
later, when his right thigh wound was incised and 
packed. A Kirschner’s wire was inserted through 
the tibia and traction applied. His condition became 
grave 10 hours after operation. He became restless, 
noisy, and dyspneeic. His pulse-rate rose to 144 
and he had a temperature of 102°3° F.; his blood- 
pressure was 85/60. He passed into coma and died 
suddenly 48 hours after operation. His sputum and 
urine were negative for fat on repeated examination. 
His blood-picture at the onset was Hb, 63 per cent ; 
R.B.C., 3,700,000. 

At Autopsy.—The wound of the thigh was clean 
and showed no evidence of infection, and the fracture 
of the femur was‘confined. The lungs were congested 
and oedematous, with scattered hemorrhages in the 
subpleural and lung substance. The abdominal 
organs were congested and the spleen was considerably 
enlarged: The brain was similar to that in Case 2. 

Microscopical Examination.—Fresh preparations of 
the lung showed fat emboli scattered throughout the 
capillaries of the lungs. This was confirmed by 
staining with Sudan III. Fat was also present in the 
renal glomeruli. There were multiple pre-capillary 
hemorrhages present throughout the white matter 
of the brain. 


Case 6.—A sapper, aged 33, was knocked down 
by a motor-car and sustained a fracture of the tibia 
and fibula. His condition on admission was good 
and the fracture was fixed in a splint. There were 
no other apparent injuries. Next morning he suddenly 
became drowsy and could not be roused. There 
were no localized C.N.S. signs, and radiography 
revealed no fracture of the skull. His cerebrospinal 
fluid was normal. The blood-picture on the second 
day was: Hb, 68 per cent; R.B.C., 3,450,000; 
C.I., 1; W.B.C., 10,500. On the fourth day he was 
still unconscious; his temperature rose to 103° F. 
and he developed evidence of a bronchopneumonia. 
He died 7 days later without regaining consciousness. 
His sputum and urine were negative for fat throughout. 
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His treatment consisted of immobilization of ihe 
limb, intravenous glucose drip, and rectal feeding. 

At AuTtopsy.—There was a fracture of the middle 
third of the right tibia and an abrasion of the right 
occipito-parietal region. There was bilateral basal 
pleurisy and congestion of the lungs, with basal 
bronchopneumonic consolidation. The myocardium 
was flabby and showed fatty degéneration. The 
abdominal organs were natural. The brain was 
similar to that in Case 2, but in addition to the pin- 
point hemorrhages there were minute areas of 
softening in the white matter. 

Microscopical Examination.—The lung picture 
was that of a bronchopneumonia with extreme con- 
gestion of the blood-vessels throughout the lungs. 
Fat droplets were not seen in the fresh tissue, but 
could be seen when stained with osmic acid. The 
brain was the seat of multiple capillary hemorrhages 
throughout the white matter of the cerebrum, and 
there was early degeneration of the myelin sheath 
present. 


Case 7.—Private B., aged 23, was admitted 
suffering from simple transverse fracture of the mid- 
shaft of the right femur due to a fall of rock, caused 
by bomb explosion. After treatment for shock, a 
Kirschner’s wire was inserted and weight extension 
applied. His condition was satisfactory for the 
following three days. On the third day he became 
restless and irritable ; temperature 100° F., pulse 
110, blood-pressure 122/80. There were no physical 
signs. The following day (4 days after admission) 
his breathing became distressed, and towards evening 
he was slightly cyanosed. He complained of tightness 
across the thorax. Later his mental condition became 
confused and he became very restless and irritable. 
Respiratory rate increased to 50 per minute, tempera- 
ture 102° F., pulse was uncountable. He had a slight 
cough and frothy blood-stained sputum. There were 
scattered rales and fine crepitations of both lungs. 

No abnormalities were detected in C.N.S., and no 
muscular weakness. A lumbar puncture was done 
and the fluid was clear and not under pressure. He 
was given: (a) morphia; (6) coramine; (c) oxygen 
(B.L.B. mask) ; (d) rectal saline drip. 

The condition deteriorated on the following day 
and his mental condition was more confused and at 
times he lapsed into stupor. He was incontinent of 
urine. The above treatment was continued. His 
blood-picture showed a marked anemia, being: 
R.B.C., 2,650,000; Hb, 67 per cent; C.I., 13 
(approx.) ; W.B.C., 9,600. 

The red cells were increased in size, and there was 
a large number of normoblasts present and an occa- 
sional megaloblast, the picture somewhat resembling 
a case of pernicious anemia. As his general condition 
improved, the blood-picture became normal, and on 
the fourteenth day-was: R.B.C., 3,400,000 ; Hb, 69 
per cent; C.I., 1 (approx.). No abnormal red cells 
seen. 

The sputum examined immediately after the onset 
of his symptoms contained a large amount of fat 
globules. Urine examination was persistently nega- 
tive for fat until the fifth day, when it was present 
in moderate amounts in the final catheter specimen. 

He was discharged from hospital after 12 weeks 
and has since been quite fit. 


Case 8.—Private B., aged 22, was admitted with a 
fracture of the right femur (struck by rocks when in 
gunpit). After treatment for shock, a Kirschner 
wire and weight extension was applied. He was very 
worried by air-raids and had some months previously 
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been treated as an in-patient for neurosis. Two days 
after admission he became restless, anxious, and 
irritable, and states that he was very frightened of the 
constant air raids. He was given sedatives. The 
following day he was confused mentally and was 
at times violent. There were fine crepitations of 
both lungs. C.N.S.: tendon reflexes +++, ankle 
clonus and plantar clonus present. There was a 
plantar extension response of the left foot. There 
were small petechial hemorrhages over his arms, 
thorax, and abdomen. During the night he became 
unconscious, his breathing was rapid and distressed, 
and there was cyanosis present. He was incontinent 
of urine and feces. He was given 10 per cent glucose 
and saline intravenously by means of a drip apparatus 
for 24 hours and § units of insulin 6-hourly. His 
general condition continued to deteriorate and he 
remained unconscious and restless for 5 days. There 
was a swinging pyrexia and the pulse-rate remained 
between 120 and 140 during the period. The intra- 
venous drip was inserted and glucose saline was given 
continuously. There was practically no sputum. 
After five days of unconsciousness, there was a marked 
improvement in his general and mental condition. 
His cerebration was slow, but responded to simple ques- 
ions, and he remained irritable and at times noisy. 
Large purpuric hemorrhages appeared on his back 
and buttocks. On several occasions he had a series 
of fits of short duration, followed by several hours of 
semi-consciousness. His general condition gradually 
improved and he was discharged from hospital after 
10 weeks. The sputum was negative for fat through- 
out, but there were traces of fat in the final catheter 
specimen of urine. The blood-picture was normal 
at first, the count on the second day giving the follow- 
ing figures: Hb, 82 per cent; R.B.C., 4,600,000 ; 
C.I., 0-9; W.B.C., 10,600. No abnormal red cells 
were present. On the fifth day the count was: 
Hb, 69 per cent; R.B.C., 3,200,000; C.I., 1-1 
(approx.). No abnormal red blood-cells were seen. 


POST-MORTEM APPEARANCES 


It would appear from experimental and 
clinical observations that the fat globules first 
appear in concentration in the smaller vessels of 
the pulmonary circulation. Later they may 
enter the general circulation, either by passing 
through the lungs or via a patent ductus arteriosus 
and so give rise to emboli in various organs, but 
especially the brain and kidneys. Thus we 
would expect to find most of the lesions in these 
three organs, but other organs suchas the heart, skin, 
and general musculature cannot always escape. 

Rigor mortis would appear to set in normally 
in these cases and last the normal time. The 
only external appearance of note is the distribu- 
tion of petechize over the skin, especially in the 
region of the shoulders. Since these petechie 
are not due to definite emboli, but rather to 
slowing down of the general circulation, they 
are by no means constant. They are much less 
common than in such a condition as bacterial 
endocarditis. Osmic acid staining shows that 
some may contain fat globules. 

Lungs.—In our series of cases the general 
appearance of the lungs was one of extreme 
congestion and oedema, with small areas of hemor- 
thages scattered diffusely throughout the lung 
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substance. These hemorrhagic areas are much 
smaller than those occurring in blast lesions 
(pulmonary concussion), and there is no tendency 
on the part of the subpleural hemorrhages to 
have linear distribution relative to ribs or inter- 
costal spaces. Later, as in Case 6, areas of 
bronchopneumonic consolidation may complicate 
the picture, but this is not an essential part of the 
pathology of fat embolism. Congestion, oedema, 
and small scattered areas of hemorrhage are the 
main pathological features. Section of the lungs 
shows that the hemorrhagic areas are scattered 
throughout the substance, and in cases of severity 
fat globules may be seen on the cut surface. 

Diagnosis can be made by examination of the 
fresh specimen by means of the technique des- 
cribed by Robb-Smith. This consists of treating 
small thin portions of the lung with a few drops 
of 2 per cent potassium hydroxide on a slide and 
then placing a cover-slip on the preparation 
and examining witha x 16 lens. The fat will be 
seen lying in the capillary bed. The great diffi- 
culty would appear to be the air bubbles which 
must of necessity be present, and to try to over- 
come this we have passed Wright’s stain under- 
neath the cover-slip and so drawing away some 
of the air bubbles without unduly disturbing the 
capillary bed and at the same time staining any 
blood-cells which may remain. In our hands 
this gave good results, but the original method is 
quite satisfactory once the technique and general 
appearances are mastered. In cases of any 
difficulty, the slide can be treated with Sudan 
III. In tissue stained with osmic acid the 
emboli can be seen scattered through the arterioles 
and capillary beds. In paraffin sections stained 
with hemotoxylin and eosin the chief histological 
features are congestion of the whole capillary bed 
and an alveolar exudate of cedematous fluid and 
red blood-cells. We did not find any massive 
rupture of alveoli such as is seen in cases of blast 
injury, but there may be areas of emphysema 
present and rupture of capillary walls. 

In the main, these findings agree with those 
of other workers. Vance (1931) described the 
lungs as being congested, cedematous, and 
cyanotic, with small hemorrhages beneath the 
visceral pleura, and on microscopical examination 
he found that the alveoli contained fluid and red 
blood-cells and the capillaries fat emboli. Robb- 
Smith (1941) calls attention to the marbled 
appearance of the visceral pleura as being charac- 
teristic, signifying alternate areas of hemorrhage 
and emphysema, but the size of the hemorrhagic 
areas in his cases would appear to be larger than 
normally found by us. Joan Ross (1940) des- 
cribes the condition of the lungs in fat embolism 
as being one of generalized congestion. These 
slightly variable accounts would seem to be due 
to the severity and duration of the condition. 
The earlier and milder cases may show only 
congestion, but if the condition is at all severe, 
soon definite hemorrhages appear and later 
pneumonic consolidation. 
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Several important features serve to differen- 
tiate the lesion produced by fat embolism from 
that of pulmonary concussion. Both are charac- 
terized by pulmonary hemorrhages, but in blast 
cases the alveoli are often ruptured and the 
exudate is more cellular than in the cases of fat 
embolism, where many of the alveoli are filled 
with cedematous fluid to a degree rare in pure 
blast. Again, the hemorrhages in pulmonary 
concussion are large and tend to take on a linear 
distribution with relation to the ribs and inter- 
costal spaces. These subpleural linear hemor- 
rhages are very characteristic of blast injury. 
Both lesions may, of course, occur in the same 
patient, producing a complicated picture (as in 
Case 3) with serious prognosis. 

Heart.—The heart usually shows some 
dilatation, and there may be some petechial 
hemorrhages underneath the serous pericardium, 
especially over the posterior aspect of the heart. 
The pericardial fluid is normal in amount and 
appearance. Sections of the muscle-wall stained 
with hematoxylin and eosin show in the cases of 
some duration (Case 4) small intermuscular 
hemorrhages and generalized congestion of the 
capillaries. 

Kidneys.—Naked-eye examination reveals 
little except congestion. The capsule strips 
easily, and there are no visible areas of hemor- 
rhage. Frozen sections stained with osmic acid 
reveal fat emboli in the glomeruli and occasionally 
in the tubules. Paraffin sections stained with 
hematoxylin and eosin show cloudy swelling of 
the tubular epithelium, but the glomeruli and 
interstitial tissue usually appear normal. 

Brain.—The main naked-eye appearance of 
the brain in these cases was generalized congestion 
of the meningeal and cortical vessels, occasionally 
some cerebral oedema, and on section pin-pointed 
hemorrhages all through the white matter, espe- 
cially around the central nuclei of the cerebral 
hemispheres, giving this area the characteristic 
cayenne-pepper appearance. Apart from con- 
gestion and oedema, in some cases the grey 
matter would appear normal. The pons and 
midbrain is usually normal, but occasionally 
there may be small areas of hemorrhages present. 

Microscopically, sections stained with osmic 
acid show the characteristic emboli scattered 
throughout the capillaries and small vessels of 
the brain, whilst sections stained with hematoxylin 
and eosin show small areas of necrosis and pre- 
capillary hemorrhage of the white matter. Special 
staining may show, in cases of any duration, 
degeneration of the myelin sheath. It would 
then seem that whilst emboli can be seen in the 
grey matter, they do little damage here as the 
anastomosis is very rich. In the white matter, 
however, as the capillary anastomosis is very 
scanty, emboli in these vessels cause petechial 
hemorrhages, which are really minute infarcts. 

Blood.—Few workers have mentioned the 
blood-picture in fat embolism, but it would 
appear to us to be important. Cases of any 
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severity almost invariably show an anzmia, but 
this in many cases is masked by repeated blood 
transfusions. The picture in Case 7 is to be 
noted, and any case of trauma showing an acute 
anemia must be regarded as a possible case of 
fat embolism. The mechanism of this anzmia 
is not clear. Harris et al. (1941), who reported 
a similar case, thought that the acute anzmia 
was due to the blood-loss in the lung tissue, but 
we have not seen this severe anemia in cases of 
pulmonary concussion, where the bleeding into 
the pulmonary alveoli is much more severe, 
The presence of immature cells would seem to 
point either to an interference with the function 
of the bone-marrow or to a hemolytic anzmia. 
There was no evidence in Case 7 of the anzmia 
being hemolytic. Shortly after the anemia was 
noted, he developed a hematuria which would 
suggest that some change had taken place in the 
nature of the circulating fat, producing toxic or 
irritative changes in various organs. 

In conclusion, it will be seen that post-mortem 
diagnosis rests on the findings of pulmonary 
hemorrhages and the characteristic appearances 
of the brain. In the fresh preparation of lung 
tissue, fat globules can be seen and the diagnosis 
finally confirmed by osmic acid staining of the 
lungs, brain, kidney, and heart. 


CLINICAL FEATURES AND 
DIAGNOSIS 


Fat embolism is usually regarded as a some- 
what uncommon complication of fracture of the 
long bones, but we have come to look upon it as 
a possibility in all cases of trauma, especially 
when the fracture is associated with either chest 
or abdominal injury. Its onset usually occurs 
during the second or third day, but may arise 
within a few hours and seldom not later than the 
fifth day. The rule given by Speed (1916) is of 
some value. He points out that shock usually 
sets in during the first three hours, fat embolism 
on the third day, and pulmonary embolism in 
the third week. 

Some writers consider three clinical types: 
(1) Pulmonary type, where the symptomatology 
is confined to the lungs ; (2) General or systemic 
type, where the brain and kidneys are affected ; 
(3) Cardiac type, where the predominating feature 
is cardiac failure. 

We have found this classification of little use 
except to emphasize that the condition is pro- 
gressive and the early signs may be chiefly 
pulmonary in origin, but in cases of any severity 
the other organs are soon affected also. ‘The 
onset is usually sudden, the patient becoming 
dyspneeic, pale, cyanosed, and restless. <A fever 
usually of about 103° F. accompanies the increased 
respiratory rate and quick pulse, but the blood- 
pressure usually remains steady and only falls 
when cardiac failure sets in. The patient usually 
complains of pain and tightness of chest and has 
a cough, bringing up a frothy sputum which may 
by blood-stained, especially if there has been any 
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FAT EMBOLISM 


chest injury. Signs of systemic emboli soon set 
in, indeed, coma may be an early feature and 
occur concurrent with the pulmonary symptoms. 
There may first of all be a period of nervous 
jrritation, as shown by increased restlessness and 
delirium, and at this state the patient may be 
very difficult to nurse. There may be epilepti- 
form fits. ‘Then, as the patient lapses into coma, 
various neurological signs may develop. There 
may be increased reflexes and spasticity prior to 
the eventual paralysis of various groups of 
muscles. Some cases show loss of sphincter 
cntrol. There is often irregularity of the pupils 
and interference with the light reflexes. 

X-ray examination of the chest and skull are 
helpful, but not diagnostic, whilst the few reports 
on the electrocardiographic tracing in these cases 
shows that no definite change can be expected. 
Some have reported that the fat globules can be 
seen ON examination of the retinal vessels. We 
have examined these cases with this in view, and 
have had the help of the ophthalmic specialists, 
but have never found it definitely positive. 

The clinical picture of a case is thus rather 
indefinite, and so often the diagnosis is made 
by a process of exclusion and may take on a 
negative rather than a positive character. For 
early diagnosis, or for the confirmation of a 
diagnosis, some laboratory test would appear 
essential, but at present the most that can be said 
for these examinations is that they are helpful 
but by no means definite. There are certain 
tests which should be done in any case :— 

a. Sputum Examination.—That fat de- 
posits can be found in the sputum in cases of fat 
embolism has been noted by many of the earlier 
writers, but its value in diagnosis is limited 
owing to the fact that fat is occasionally present 
in the sputum of normal individuals, may be 
found in conditions such as pneumonia, whilst 
ina considerable number of cases of fat embolism 
it would appear often to be absent or prolonged 
search is needed to demonstrate it. The fat 
globules may be looked for in a wet preparation, 
or in one stained by Sudan III. A more exact 
method has been described by Robb-Smith 
(1942), which appears somewhat similar to the 
method described by French (1940) for staining 
sections. For this purpose we have found the 
method extremely helpful, and, though we have 
no experience of it as a method of staining sputum, 
no doubt it will give equally good results. When 
used for sputum, the fat globules take on a bright- 
ted colour and are found free. It is pointed out 
that histiocytes containing intercellular fat are of 
no significance. 

b. Urine Examination.—There is usually 
no evidence of renal damage in these cases, though 
one of our cases did show hematuria. Usually, 
however, there is neither albumin nor blood 
present in the urine and there was no suggestion 
of fatty casts in any of our patients. Scriba 
(1880) noted the presence of fat globules in the 
urine in these cases, and subsequent workers have 
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reported positive findings. In our experience, 
whilst a positive finding is of great value, it 
appears rather too late to be of great value in 
early diagnosis. The best method is to collect 
the last few cubic centimetres of urine and, if 
necessary, catheterize and make sure the bladder 
is empty. Allow this urine to stand overnight, 
collect any droplets of fat from the surface, and 
stain with Sudan III. Scuderi (1941) has 
described what he calls the sizzle test for fat in 
the urine. Having noted that when fat drops are 
present on a heated platinum loop, a sizzling and 
popping occurs, he experimented with fat drops 
in water and found that by using olive oil this 
test was positive in dilutions up to 1 in 1400. He 
advised the use of this simple test for suspected 
cases of fat embolism and we have found it 
extremely helpful. 

c. Blood Examination.—Since neither the 
urine nor sputum is of great value for early dia- 
gnosis, the examination of the blood itself becomes 
very important. Certain workers have reported 
that fat can be seen in wet preparations of blood. 
We have found this to be very difficult indeed, 
when the examination is carried out in the 
ordinary way, but a dark-ground illumination as 
suggested by Scuderi (1941) would make it 
appear to be more hopeful. Unfortunately, 
this method was only tried in one of our cases, 
but we have since been trying it in cases of trauma 
and feel sure that this examination will be of real 
use. For a fat globule to obstruct the finer 
capillaries of the lung it must be at least 12m in 
diameter, and so the size and number of the 
globules must be noted and taken into considera- 
tion. Measuring the total fat content of the 
blood would seem to have little value. This 
estimation is difficult to carry out, and, as Boyd 
(1937) has shown, it is affected by several factors, 
whilst, again, in this condition it is not the total 
fat which matters, but the state of the fat emulsion 
—does it exist normally in the large globules, and 
is it altered chemically? Finally, we would 
emphasize the importance of routine blood 
examination in any case of severe trauma. The 
picture is often complicated by the blood trans- 
fusions given, but the finding of acute anemia 
in a patient who has been subjected to trauma 
is of great significance. Humble (1942) reported 
finding a normoblastic crisis in the recovery stage 
of patients who have suffered from severe blood- 
loss as a result of trauma. This crisis consists 
of a shower of normoblasts which lasts for a day 
and is regarded as of great prognostic significance. 
Case 7, however, cannot be explained this way, 
as no severe blood-loss occurred, but this phenom- 
enon must, of course, be taken into account 
in assessing the significance of the blood-picture in 
the diagnosis of fat embolism. The examination 
of the bone-marrow by sternal puncture may also 
be important. 

d. Lung Puncture.—Lung puncture and 
the examination of the material both under dark- 
ground illumination and when stained by Sudan 
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III would appear to us to be very helpful. We 
have, however, had no experience of this method 
in the living subject, but examination of post- 
mortem material, and from animals, have given 
promising results, and we recommend it in the 
investigation of chest complications in trauma cases. 

It will thus be seen that the diagnosis of 
clinical fat embolism is at present rather indefinite. 
It consists chiefly of a healthy clinical suspicion 
backed up by certain laboratory examinations, 
none of which are absolutely conclusive and all 
of which need a certain degree of experience in 
their use. If, however, a patient who has had 
no symptoms other than those due to his injury, 
suddenly during the first few days of his illness 
develops symptoms such as increased tempera- 
ture, respiration, and pulse-rate, if he is covered 
with sweat, seems restless, and is irrational, then 
the diagnosis of fat embolism is almost certain. 

It becomes even more absolute if the following 
conditions can be ruled out: shock, blast injury, 
hemorrhage, cerebral injury or _ intercranial 
hzmorrhage, septiczemia or wound infection, and, 
finally, pulmonary infections or embolism. 


TREATMENT 


The treatment of fat embolism is very unsatis- 
factory, and at the present state of our knowledge 
must be empirical. 

Prophylactic measures consist of early 
immobilization of fractures with a minimum of 
manipulation and expiration of any fluid or 
hematoma which may collect around the site of 
the injury. The application of a tourniquet 
during manipulation and operation is advised 
by many and would appear a reasonable precau- 
tion. We have had no experience of measures 
such as drainage of the medullary cavity. 

As regards the treatment, we can only suggest 
venesection if the blood-pressure allows it, 
followed by intravenous therapy—either whole 
blood or glucose-saline. Working on the fact 
that insulin may aid the liver to remove fat from 
the blood, we have used this and consider it is 
helpful although the results are by no means 
dramatic. Care must be taken not to increase 
the pulmonary cedema. For the dyspnoea and 
cyanosis the administration of oxygen by means 
of a B.L.B. mask is extremely helpful. Sedatives 
may be necessary in the irritative stage of cerebral 
embolism. When a pneumonia develops, treat- 
ment is along the usual lines. 


SUMMARY 


A definition of fat embolism as a condition 
where fat globules appear in the blood of suffi- 
cient number and size to cause mechanical 
blockage of the capillaries is accepted, but the 
question of a further chemical action on the part 
of the fat globules is raised. More information 
is needed as to the source and mode of action 
of the fat globules. 

The incidence and mortality-rate of fat 


embolism is noted. 
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In a series of 1000 battle casualties admitted to 
hospital, there were 8 cases of clinical fat embol- 
ism, of which 6 died; this gives an incidence of 
0-8 per cent and a 75 per cent mortality-rate. 

In diagnosis the clinical picture is typical in 
the severe cases. For early diagnosis there is no 
definite laboratory examination which can always 
be relied on. Sputum examination is of doubtful 
value. Fat in the urine is diagnostic, but it 
appears rather late in the condition. Dark- 
ground illumination of the blood would appear 
to be the most helpful examination. The 
importance of the blood-picture in fat embolism 
is stressed, and comparison made with a similar 
case reported by Harris (1939). We had no 
facilities to experiment as regards treatment and 
we have nothing to add in this direction. 


We are very greatly indebted to Dr. A. H. T. 
Robb-Smith, Director of Pathology, The Radcliffe 
Infirmary, Oxford, for his help in preparing the 
manuscript and reading the proofs. 

We also wish to thank the O.C. Surgical 
Division and members of the Surgical Staff of 
goth General Hospital for help and permission 
to use several of the cases which were under their 
care; and Colonel A. S. Heale, M.C., D.D.M.S., 
Malta Command, and Colonel J. S. K. Boyd, 
O.B.E., for permission to publish this paper. 
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ADRENO-SYMPATHETIC 





SYNDROME 


THE ADRENO-SYMPATHETIC SYNDROME WITH TRANSPOSITION 
OF VISCERA* 


By L. R. BROSTER 


Tumours of the chromaffin tissue of the adrenal 
medulla (pheochromocytoma or paraganglioma) 
typically produce a recurrent paroxysmal hyper- 
tension. These tumours are usually benign. 
It is important to recognize the syndrome, for the 
hypertensive disorder is fatal unless the tumour 
isremoved. The first patient correctly diagnosed 
and cured by operation was that of Pincoffs and 
Shipley (1929). Since then 36 operations have 
been reported—from France, Belgium, Norway, 
Germany, Switzerland, Roumania, Poland, 
Argentina, and the U.S.A., the last contributing 
half the number. Of 165 cases of pheochromo- 
cytoma reported, 16 were bilateral; 15 were 
malignant ; 16 were juxta-adrenal, lying in the 
peritoneal tissues. 

The tumour is usually about the size of an 
orange, with a bossy surface, showing hzmor- 
rhagic cysts on section. Histologically it is com- 
posed of polyhedral cells of varying shapes and 
sizes arranged in alveolar masses, and gives the 
characteristic chromaffin reaction when fixed with 
chrome salts. It also contains excess of 
adrenaline. 


CLINICAL 


Symptoms.—The disease is usually char- 
acterized by paroxyms of generalized vaso- 
constriction that cause a remarkable but transient 
rise of blood-pressure. Less often there is a 
chronic hypertension resembling malignant hyper- 
tension, rarely Addison’s disease, or no symptoms 
at all. It often starts with mild attacks of 
headache, dizziness, or palpitation, which increase 
in severity. In about half the number of cases 
these attacks are precipitated by exercise, 1.c., 
bending the trunk in a certain direction, or by 
pain and emotion. During the paroxysms the 
common symptoms are—tingling in the extremi- 
ties, palpitations, epigastric pain, abdominal colic, 
vomiting, substernal pain, salivation, throbbing 
in the temples, severe headache, a sensation of 
choking, anda feeling of apprehension. Hzmop- 
tysis from acute pulmonary oedema or a state 
resembling shock may occur. 

Signs.—Examination during a paroxysm 
shows a patient obviously ill. The face may be 
blue or pale and the extremities cold. The pulse 
is small but the heart-beat is forcible. The 
blood-pressure rises rapidly and in a few minutes 
may reach 300 mm. Hg. The attacks last 
an hour or so, and are followed by prostration. 
When repeated, the blood-pressure may remain 





* A complete record of this case, with a review of 
the literature, will be found in an article by Dr. R. C. 
McKeith, which is being published in the British 
Heart Fournal. 

VOL. XXXI—NO. 124 
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persistently high. The symptoms are usually 
widespread, but may be confined to one system. 
An abdominal tumour is present in about one 
case in three. 

Diagnosis.—The diagnosis depends on the 
recognition of an attack with its widespread 
vasoconstriction and paroxysmal hypertension. 
Efforts may be made to induce an attack by 
physical (pressure over the adrenal area) or 
emotional means. Slight changes in the second- 
ary sex characters have been noted in these 
patients, and when present are presumably due 
to irritation of the adrenal cortex. Retrograde 
pyelography showing distortion or displacement 
of one kidney is strong presumptive evidence of 
the side of the tumour. In the opinion of 
Biskind et al. (1941), who reviewed the cases 
operated upon, perirenal pneumography has not 
been of great value. 

Differential Diagnosis.—Paroxysmal hyper- 
tension occurs in certain other conditions. In 
essential hypertension the blood-pressure is 
always raised between the attacks, which have a 
more gradual onset and ending. It is usually 
accompanied by cerebral symptoms, which are 
rare in the adreno-sympathetic syndrome. 

Symptomatic paroxysmal hypertension may 
occur in lead poisoning, eclampsia, aortic re- 
gurgitation, and tabes dorsalis. A case of tabes 
with hypertension was reported by Rowntree and 


Ball (1933). 


Vaso-vagal attacks, as described by Gowers 
(1907) and more recently by Ryle (1928) and 
Kinnier Wilson (1940), in some cases closely 
resemble adreno-sympathetic paroxysms. 

Treatment.—The treatment is removal of 
the tumour. In doubtful cases, laparotomy 
should be performed, for the benefit of successful 
removal far outweighs the possible dangers of 
operating on a case of symptomatic paroxysmal 
hypertension. For the paroxysms, bleeding, 
morphine, and lumbar puncture are indicated. 

Pre-operative and post-operative measures 
have been reviewed by Biskind et al. (1941). 
Chloroform, cyclopropane, and spinal anzsthesia 
should be avoided. Where the tumour is large 
the abdominal approach gives the best access. 
However, when the site of the tumour is in doubt, 
exploratory laparotomy followed a fortnight later 
by removal of the tumour via the lumbar route is 
the safest procedure. The operation is very 
liable to be accompanied by severe collapse ; for 
this dilute adrenaline solution given intravenously 
is specific. Ifthe blood-pressure fails to respond, 
a transfusion of blood should be given post- 
operatively. Salt and cortical extract should also 
be given post-operatively. 

26 
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In 37 operations reported, there were I0 
deaths. Of the 27 recoveries, 24 are alive and well. 


CASE REPORT 


History.—K. P., aged 29, an aircraftsman of 
Bomber Command, in 1937 began to experience 
transient nausea, palpitations, and weakness on rising 
in the morning. During 1938 and 1939 he suffered 
from headache, which was intensified by the palpita- 
tions, and these attacks at times became severe. At 
the end of 1939 he felt nervous and giddy when 
leaning over to the left. In 1940 he experienced a 
feeling of intense weakness in his legs. In 1941 he 
was medically examined, and though his blood- 
pressure seemed to arouse interest, he was passed 
‘fit’. While drilling he was told he looked pale, and 
at these times he felt faint and anxious. These 
attacks became more frequent and more induced by 
stooping. He also had some pain in the left loin. 
In July, 1941, he woke one day with epigastric pain 
and vomiting. Two days later he was admitted to 
St. James’s Hospital in a collapsed condition, with 
blue cold nose, ears, hands, and feet. The pulse was 
small and hard and the blood-pressure 197/167. He 
was treated by rest, warmth, morphine, and fluids 
by mouth. He improved steadily, and forty-eight 


hours after admission his blood-pressure was 125 /100. * 


On EXAMINATION.—He was found to have a dextro- 
cardia with a complete transposition of viscera. He 
was of a slender build with a narrow epigastric angle 
and female distribution of pubic hair and an atrophied 
right testis (Fig. 397). 





Fic. 397.—Case 1. Photograph showing bodily 
configuration. 


Investigations showed that the blood chlorides 
and sodium were normal, but the potassium was 46— 
the normal being 16-20 mg. per 100 c.c. The white 
blood-count was 21,200, neutrophils 82 per cent. 
Intravenous pyelography showed the left kidney 
depressed, with slight deformity of the upper calix. 
This was confirmed by retrograde pyelography, for 
which a meatotomy was necessary. On passing 
urine afterwards he was seen to be pale, and his 
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bloodpressure was 210/135. Ten minutes later it 
was 150/105. This was a symptomless paroxy:m 
induced by pain. A perirenal air insufflation was doae 
by Mr. G. C. Sawyer. A second one performed on 
the right side gave marked pain and a severe paroxysn. 





Fic. 398.—Cortical tissue stretched over tumour. 


Except for a slight bulge along the shadow of the free 
edge of the transposed liver, corresponding to the site 
of the gall-bladder, there was no evidence of a tumour. 

AT OPERATION.— 

Exploratory Laparotomy (Sept. 10, 1941).— 
Through a paramedian incision the right adrenal 
gland was felt to be normal in size, but on the left side 
an adrenal tumour the size of a small tangerine orange 
was found. In spite of gently squeezing the tumour, 
and the general interference, there were no post- 
operative disturbances. 





Fic. 399.—Section of left adrenal, showing four trabe- 
culated cysts within a fibrous stroma, the whole surrounded 
by a fibrous capsule. 


Adrenalectomy (Sept. 24).—Two weeks later the 
left adrenal was removed through a high kidney 
incision, after fracturing the 12th rib at its neck. 
During manipulation of the tumour the _ blood- 
pressure rose to 225/145, and dropped to 90/70 
within ten minutes after its removal. A solution of 
I-100,000 adrenaline hydrochloride in normal saline 
had previously been prepared, and 10 c.c. of this 
solution, administered intravenously, restored the 
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blood-pressure to 120/80 for some time ;’ although 
it remained low for several hours, it was normal 
next morning. Sodium dioxycorticosterone was also 
given for three days following operation. The patient 
was discharged after three weeks. 





Fic. 400.—High-power view of a pseudo-rosette 
formation. Stained H. and E. (x 150.) 


Within the next six weeks he had four minor 
attacks, but is now back at his civilian work “ fit and 
entirely free of the symptoms I had before operation ”’. 
His blood-pressure has continued to remain normal. 
As the tumour was histologically malignant, a course 
of deep X-ray therapy was given. 

PATHOLOGY.—The tumour was a flattened ovoid 
weighing 63:5 g. The surface showed several 
rounded bosses and a line of cortical remnants (Fig. 
398). On section a fibrous capsule was seen sur- 
rounding several areas of purplish fleshy tissue set in 
ahard, pearly white, fibrous matrix (Fig. 399). Micro- 
scopically, the tissue was composed of large polyhedral 
cells, many compressed into spindle cells. In some 
areas a perivascular arrangement of cells gave the 
appearance of pseudo-rosettes (Fig. 400). The cells 
gave the chrome reaction (Fig. 401). The growth did 


not appear entirely benign and was described by Dr. 
H. W. C. Vines as a pheochromoblastoma. Examina- 
tion of the tumour for adrenaline by Dr. Derek 
Richter and Dr. P. C. MacIntosh gave 5-25 mg. per 
gramme by colour reaction with iodine; and 8 mg. 





Fic. 401.—A fibrous stroma with small lobules of cells 
showing marked chromaffin staining. Stained Wiesel. 
(x 80.) 


by biological test (the normal adrenal contains 0-4 mg. 
per gramme). 
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SARCOMA OF THE STOMACH 


By ARTHUR E. PORRITT, Bricapier, late R.A.M.C. ; 
K. E. A. HUGHES, Major, R.A.M.C. ; 
AND R. J. C. CAMPBELL, Major, R.A.M.C. 


SARCOMA of the stomach would still appear to be 
a sufficiently rare entity to merit recording. 
Until 1938 the number of cases col’ected from the 
literature amounted to 428. Ewing states that 
sarcomata of the stomach account for approxi- 
mately 1:5 per cent of gastric neoplasms. In 
the case described below clinical details, operative 
findings, radiological and histological investiga- 
tions, and a post-mortem examination were all 
possible. 


CASE REPORT 


Previous History.—G. B., a soldier with two and 
a half years’ service, aged 27, was flown home from 





North Africa in July, 1943, having reported sick a 
month previously. He gave a history of ‘ stomach 
trouble’ for as long as he could remember—pain 
about half an hour after meals, severe for the next 
half hour, and then gradually fading away. There 
had been occasional vomiting, but no blood was ever 
seen. Previously symptoms were relieved by alkaline 
medicines and reasonably careful dieting, but active 
service conditions in North Africa from February, 
1943, onwards rendered these measures unavailable 
and his condition rapidly became much worse. 

On EXAMINATION.—The patient was markedly 
wasted and obviously anemic. On examination a 
large mass was visible and easily palpable in the left 
epigastrium and left hypochondrium. This mass 
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was slightly tender, smooth, possessed no definite 
edges, did not move on respiration, and was dull on 
percussion. The liver was not obviously enlarged 
per se, but liver dullness and the dullness of the mass 
ran into one another on the left side. Clinically there 





FIG. 402.—Barium meal, showing large filling defect 
on lesser curvature. 


were no signs of gastric distension, nor of free fluid 
in the peritoneal cavity. There were small, shotty, 
discrete glands present in both axilla, but none in the 
neck. Examination of heart, lungs, and central 
nervous system yielded negative results. 

The temperature was raised to about ro1° F. 
every evening, being normal in the mornings; the 
pulse-rate ranged around 110, and the respiration 
rate was normal. 

SPECIAL INVESTIGATIONS.—The following investi- 
gations were carried out :— 

Blood-counts : 

Hemoglobin 55 per cent. Colour index 0°85 
Red blood-corpuscles 3,240,000 
White blood-corpuscles 14,600 (July 18) 
23,300 (July 21) 
Differential white-cell count : 


Polymorphs 71 per cent 
Lymphocytes 24 5, 35 
Monocytes 2 » 9 


Eosinophils a wy gp 

Occult blood: Negative. 

Urine: Nothing abnormal. 

Fractional test-meal: No free hydrochloric acid ; 
traces of blood in each specimen. 

X-ray Examination (R. J. C. C.).—Only a few 
mouthfuls of barium could be tolerated by the patient, 
and this fact, in conjunction with his enfeebled condi- 
tion, made only a limited examination possible. 

The cesophagus was within normal limits. 

The stomach was not freely mobile and no peri- 
stalsis was seen. It showed irregularity of its lesser 
curvature (Fig. 402), the appearances suggesting that 
the organ was displaced forward and to the left— 
as if, in fact, it was draped around some uneven 
extrinsic mass rather than that there was an actual 
growth within the stomach lumen. The mucosal 


pattern was quite well defined, and, except for slight 
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irregularity in the middle-third of the lesser cui va- 
ture, it was normal in appearance (Fig. 403). This 
finding supported the extragastric growth theory 
and was against carcinoma ventriculi, as this latter 
would almost certainly have destroyed the ruge. It 
is probable that had it been possible to distend the 
lumen of the stomach more fully with barium a more 
characteristic picture might have been obtained. 

Barium began to pass into the small intestine 
almost’ immediately, indicating 4 patent pylorus, 
The duodenal bulb was normal. 

A radiological diagnosis of an extragastric neo- 
plasm was made, chiefly in view of the normal 
mucosal pattern. 

(Subsequent excretion urography showed a normal 
renal picture.) 

OPERATIVE FINDINGS.—Despite the above findings, 
and in view of the results of other investigations, a 
diagnosis of gastric neoplasm was made and an 
exploratory laparotomy decided upon. The previous 
history and leucocytosis made a chronic ulcer pene- 
trating to the lesser sac an outside possibility. 

At operation (A. E. P.) the peritoneal cavity was 
opened by a midline incision under gas and oxygen 
anesthesia (Major B. M. Johnson). A large gastric 
growth, of hard rubbery consistency, was found 
involving the whole of the lesser curvature from 
cardia to pylorus. It was adherent to the under 
surface of the left lobe of the liver, and had spread 
through the lesser sac and up into the transverse meso- 
colon. No obvious glands either locally or in the portal 
fissure, nor any hepatic metastases were discovered. 
The massive adhesions to the liver bled very freely, and 
a small gauze pack was deemed advisable before closing 
the parietes. Pieces of the growth were removed 
from (a) anterior surface of stomach, (6b) posterior 





, - 


PIG. 403.—Barium meal, showing mucosal pattern 
almost within normal limits. 


surface of transverse mesocolon. The relative avascu- 
larity of the growth was noted at the time. 
PATHOLOGICAL REPORT (K. E. A. H.).—At the 
exploratory laparotomy two portions of the growth 
from its anterior and posterior surfaces had been 
removed for biopsy. In the more advanced part of 
the tumour the cells were round in shape, of varying 
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sizes, With rather pale staining vesicular nuclei. 
Many irregular mitoses could be seen, and there was 
an occasional multinucleate cell containing two or 
three nuclei. There was no alveolar arrangement 
and blood-vessels were scarce (Fig. 404). 


Fic. 404.—Section of growth showing masses of 
round cells. 


That portion of the tumour which was actively 
invading the muscular coats of the stomach consisted 
of more irregularly-shaped cells, some of them spindle- 
shaped, with more deeply staining nuclei and a sugges- 
tion of an alveolar arrangement here and there (Fig. 
405). However, on the whole, the great majority of 
the cells were of the round-cell type. 


FiG. 406.—Showing extension of growth into transverse 
mesocolon (posterior surface). Note unhealed biopsy scar 
at lowest part of the mass. 


A previous blood-picture had shown nothing but 
a moderately severe microcytic anemia and no evi- 
dence of leukemia. The histological appearances, 
therefore, were considered to be those of a round- 
celled sarcoma, the spindle-shaped cells in the actively 
growing area suggesting an origin from muscle. 
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POST-OPERATIVE COURSE.—The patient’s condition 
steadily deteriorated from the time of the operation. 
Pain did not appear to be a predominant factor and 
was easily controlled by opiates. Fluid diet was taken 
comfortably by mouth, but wasting was visibly rapid. 


Fic. 405.—High-power section of growth. Note occasional 
spindle cell and some vague alveolar arrangement. 


The wound showed no sign of healing, and on removal 
of stitches on the tenth day immediately gaped open 
and had to be resutured with through-and-through 
stitches under pentothal anesthesia. 

Death occurred seventeen days after operation 
without any significant change in the clinical picture. 


Fic. 407.—Anterior view of stomach (with greater curvature 
to left) showing extent of growth. 


PosT-MORTEM REporT (K. E. A. H.).—Autopsy 
performed about eighteen hours after death. On 
opening the abdominal cavity about two pints of 
brownish fluid which appeared to contain altered 
blood and some stomach contents were found. A 
large marbled greyish mass some 20 cm. in its longest 
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diameter was seen involving the whole of the lesser 
curvature of the stomach, and spreading round its 
posterior surface into the transverse mesocolon as 
far as its attachment to the transverse colon (Fig. 
406). In places the mesocolon was thickened to the 
extent of 1 cm. The anterior surface of the stomach 
was similarly involved, except for a more or less 
tubular-shaped piece of apparently normal stomach 
along the greater curvature and lower part of the 
anterior surface (Fig. 407). 

The tumour was limited by the cardiac and pyloric 
orifices and the transverse colon. Above, it was 
adherent to and appeared to be invading the left and 
caudate lobes of the liver. A perforation, partially 
sealed off by the liver, had occurred in this area. 
Posteriorly, the tumour was adherent to the pancreas, 
but did not appear to be invading either it or any other 
abdominal structure in the neighbourhood. 

The stomach wall and tumour varied in thickness 
from the normal to 4 cm. It was tough and firm in 
consistency, and seemed relatively avascular. 

The abdominal lymph-glands did not appear to 
be involved, with the exception of a single isolated 
gland in the transverse mesocolon. 

The incision in the abdominal wall made at the 
preceding laparotomy showed no tendency whatever 
to healing and had broken down completely along its 
entire length. The rectus muscle on each side of 
the incision was dark brown in colour and necrotic. 

The liver was pale and fatty in appearance; the 
spleen pale and diffluent, and the kidneys pale and 
showing poor differentiation between cortex and 
medulla. Both lungs contained small areas of caseous 
tuberculosis, while the lower lobe of the left lung 
was in a condition of grey hepatization. 

The heart was flabby and dilated, there being 
about three ounces of clear fluid in the pericardium. 
Marked atheroma (considering the patient’s age) was 
obvious, spreading up from the orifices of the coronary 
arteries to the aortic arch. 
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COMMENT 


This case of sarcoma of the stomach shows 
many features which appear to be fairly typical 
of the condition. Males show a slightly higher 
sex incidence (3:2) and the commonest decade 
is 20 to 30 years. Clinically, pain is of © 
‘ulcer type’, but vomiting is rare. Anorexia 
is usual, but bleeding is uncommon. Loss of 
weight does not occur until a late stage, when a 
palpablemassisusuallynresent. Perforationis said 
to be commoner than with carcinoma. Approxi- 
mately 30 per cent of cases show metastases. 

Radiologically, a filling defect with regular 
contours, persistence of peristalsis, and a normal 
mucosal pattern (often even exaggerated from 
submucosal spread of the growth), are said to- 
gether to give a typical picture. The actual 
histological origin of the growth—whether from 
submucosal or muscular cells—appears to be in 
this case, as in many others reported, a matter of 
controversy. 

X-ray therapy has been reported as producing 
good results, but it is hard to imagine such treat- 
ment doing anything but transitory good without 
grave damage to other organs—particularly the 
liver—and radical excision where possible seems 
the obvious procedure. In operable cases, gas- 
trectomy allows a much more optimistic prog- 
nosis than might be imagined. 


SUMMARY 


1. A case of round-celled sarcoma of the 
stomach is described, with clinical, radiological, 
histological, and post-mortem findings. 

2. Brief comment is made on these findings. 





OBSERVATIONS ON THE REGENERATION 


OF THE SEMILUNAR 


CARTILAGES IN MAN* 


By I. S. SMILLIE 


ORTHOPADIC SURGEON, SCOTTISH E.M.S. 


THE voluminous literature dealing with the sur- 
gery of the knee-joint contains many conflicting 
opinions about the possibility of regeneration of 
the semilunar cartilages after excision. There 
are seven recorded cases—Mandl (1929), 3; 
Moeller (1930), 1; Timbrell Fisher (1936), 2 ; 
Bruce (1937), I—of proved regeneration of a 
meniscus in man to show that the behaviour of 
the knee-joint is similar in every respect to that 
repeatedly observed after extirpation of a meniscus 
in animals, when it is invariably found that a new 
structure grows which resembles the normal 
cartilage in shape and appearance, but is composed 
entirely of fibrous tissue. 





* The subject of a paper read at a meeting of the 
British Orthopedic Association in Glasgow, May, 
1943. 


In a series of 600 meniscectomies performed 
during the past three years, 14 cases were subjected 
to a second operation because of fresh symptoms 
referable to the same side as that of a previous 
operation. The observations in these cases are 
recorded under three headings: (1) The features 
of the regeneration which follows total excision 
of the original meniscus. (2) The features of the 
regeneration which follows excision of the anterior 
half or two-thirds of the original meniscus. (3) 
Reports of and comments on § cases in which 4 
regenerated meniscus had been torn. 

Observations on the earliest stages of regenera- 
tion are not possible in man, and it is therefore 
important to recall the work of Bruce and 
Walmsley (1937, 1938) who noted that four days 
after excision of a meniscus in the rabbit a pro- 
liferation of fibroblasts took place beneath the 
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surface of the synovial membrane at the level of 
the plane of the joint. In the following days 
this proliferation extended inwards between 
the bones in two parts, an upper related to the 
femur and a lower related to the tibia, the two 





Fic. 408.—Normal medial meniscus. 





Fic. 409.—Regenerated medial meniscus. -There is a 
bucket-handle tear of the posterior horn which does not 
completely penetrate the substance of the meniscus. 


parts eventually fusing at about the end of the 
third week to form the new meniscus. They 
concluded that the early growth of the regenera- 
ting meniscus in the form of extensions over the 
articular surfaces suggests that the primary 
function of the menisci is the distribution of 
synovial fluid over the articular surfaces rather 
than weight-bearing. 

One case in this series was subjected to arthro- 
tomy six weeks after the original operation. He 
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had been admitted complaining of symptoms 
clearly referable to the posterior horn of the medial 
meniscus, and as it was known from previous 
experience that cases from this particular source 
had only the anterior half of the cartilage excised, 





Fic. 410.—Normal lateral meniscus. 





Fic. 411.—Regenerated lateral meniscus. There is a 
lesion of the peripheral attachment of the meniscus which 
has caused the middle portion to be displaced towards the 
centre of the joint. 


a second operation was performed to remove the 
retained posterior horn. After this short interval 
the anterior horn was found to be completely 
reconstituted (see Fig. 412). 

1. The Features of the Regeneration which 
follows Total Excision of the Original 
Meniscus.—When the entire meniscus is excised 
a new one grows in from the parietal synovial 
membrane, and it has much the same form and 
general appearance as the normal structure. The 
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characteristic features which distinguish the 
normal medial from the normal lateral meniscus 
(Figs. 408, 410) are reproduced, and Figs. 409 
and 411 illustrate the relatively broad posterior 
horn of the regenerated medial meniscus com- 
pared with the more uniform breadth of the 
regenerated lateral meniscus. 

In spite of the evident gross similarity, detailed 
examination reveals features which permit the 
recognition of a regenerated meniscus :— 





FIG, 412.—Regenerated anterior horn and original 
posterior horn. The arrows, reading from left to right, 
refer to: (1) Tag of original posterior horn protruding 
towards the centre of joint ; (2) Bucket-handle tear; and 
(3) Junction of regenerated with original meniscus. The 
difference in width and colour is clearly seen. 


a. The attachment to the capsule is very 
dense and there is no obvious line of cleavage 
such as normally exists between capsule and 
meniscus. 

b. The new meniscus is thinner and narrower 
than normal. Thus the cross-section is approxi- 
mately equilateral, in contrast with the acute- 
angled triangular section of the normal meniscus ; 
that is to say, the concave margin of the regener- 
ated meniscus projects less towards the centre 
of the joint. 

Both these points, i.e., density of attachment 
and narrowness in comparison with the normal, 
have important clinical implications. 

c. The fibrous tissue of which the new menis- 
cus is composed has a glistening surface which is 
much whiter that that of normal fibrocartilage. 
The concave edge lacks the sharp definition of the 
normal meniscus and is thin, wavy. and almost 
transparent. 

d. Histological examination reveals fibrous 
tissue only ; there are no cartilage cells. 

The difference in the microscopical features 
is most marked in comparing a section of regen- 
erated meniscus of recent origin, which is com- 
posed of young fibrous tissue, with a section of 
normal fibrocartilage. The difference is less 
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when the section examined consists of matue 
fibrous tissue from a regenerated meniscus >f 
long standing, except that there are no cartilaze 
cells. 

2. The Features of the Regeneration 
which follows Excision of the Anterior Half 
or Two-thirds of the Original Meniscus.— 
In those cases in which the surgeon had failed 
to remove the posterior third or even half of the 
meniscus it was found that :— 





FIG. 413.—Regenerated anterior horn and original 
posterior horn. The arrow indicates the junction. The 
difference in colour is clearly seen. 


a. The excised portion had been replaced 
by an ingrowth of fibrous tissue with the same 
characteristics as those noted in reconstitution 
of the complete meniscus (Figs. 412, 413). 

b. The regenerated anterior horn is joined 
only to the peripheral zone of the original 
posterior horn, i.e., the zone supplied with blood- 
vessels. The appearance of the junction there- 
fore depends on whether the original meniscus 
was divided transversely or obliquely. It it had 
been divided transversely the concave aspect of 
the stump of the original posterior horn projects 
towards the centre of the joint (Fig. 412); if it 
had been divided obliquely the junction is more 
uniform (Fig. 413). 

c. There is no difficulty in distinguishing the 
type of meniscus found following a previous 
partial meniscectomy from the normal; _ the 
junction of the regenerated anterior horn with the 
original posterior horn and the difference in 
colour and width are clearly seen, even in a 
photograph (Figs. 412, 413). 

These observations afford evidence in favour 
of total rather than partial meniscectomy, no 
matter what lesion is encountered, for if it be 
accepted that the meniscus performs any function 
that function can best be performed by the most 
perfect replica of the original. The most perfect 
replica possible follows total meniscectomy. 
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3. Reports of, and Comments on, 5 
Cases in which a Regenerated Meniscus had 
been Torn.—The removal of a torn cartilage 
is a common operation, and it is performed most 
frequently in young athletic males who are likely 
to be subjected to further injury which will 





FIG. 414.—Regenerated medial meniscus with small 
bucket-handle tear. The lesion was more marked on 
the inferior surface as is usual in the majority of meniscus 
injuries. 





with 


Fic. 416.—Regenerated medial meniscus, 
multiple bucket-handle tears. 


produce strains ; the operation cannot be expected 
to decrease the susceptibility to injury of the most 
vulnerable of all joints. In spite of this, lesions 
of regenerated menisci are apparently rare, even 
allowing for the fact that a certain number of 
cases may be missed, especially by those unaware 
of the possibility of regeneration. It is evident 
that the most significant features of a regenerated 
meniscus are the density of the attachment to 
the capsule, from which it follows that mobility 
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is reduced; and the small transverse section 
and decreased projection towards the centre of 
the joint make the liability to injury in an other- 
wise sound joint extremely unlikely. The phrase 
“otherwise sound” requires elaboration. In 
five cases of lesions of regenerated menisci 





Fic. 415.—Regenerated medial meniscus with bucket- 
handle tear of the posterior horn. 


(Figs. 409, 411, 414, 415, 416) it was found that 
in three the anterior cruciate ligament was 
divided, and in the remaining two the anterior 
cruciate, the collateral ligaments, and the capsule 
were extremely lax. It seems, therefore, that 
injury to a regenerated meniscus is possible 
only in the presence of factors producing gross 
instability of the knee-joint. 


SUMMARY 


1. Total excision of a meniscus is invariably 
followed by replacement by a structure consisting 
of fibrous tissue which is almost a replica of the 
original. 

2. Partial excision of a meniscus, provided 
the portion excised includes the peripheral zone, 
is also followed by replacement. 

3. The rarity of lesions of regenerated menisci 
is explained by the differences in attachment and 
cross-section compared with the normal. It is 
significant that in all five cases of tears of regen- 
erated menisci reported here lesions of structures 
concerned with maintaining the stability of the 
knee-joint were demonstrated. 
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OF THE BASE OF THE FIFTH 


METACARPAL BONE 


By BRYAN C. MURLESS, SuRGEON LIEUT.-COMMANDER, R.N.V.R. 


DISLOCATION of the fifth metacarpal without 
associated dislocations of other bones of the hand 
must be an extremely rare occurrence; and as 
no similar case where manipulative reduction has 
been successful can be found in the literature, 
this case is recorded. 


CASE HISTORY 


A man, aged 41, was thrown off his motor-cycle, 
which fell on his right hand. The carrier of the 
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was felt, but no satisfactory ‘ click.’ A felt pad was 
placed on the hypothenar eminence and strapped in 
place with elastoplast around the hand. Further 
radiographs showed satisfactory reduction in all 
views. 

A light plaster cast was applied to the hand and 
wrist over the felt pad and was left in position fourteen 
days. Further radiographs on removal of the cast 
showed that reduction had been maintained (Fig. 418). 
Progress was satisfactory and full use of the hand was 
obtained four weeks after reduction. 
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FIG. 417.—Radiographs showing: A, Anteroposterior view in supination; B, Lateral view; C, Anteroposterior 
view in pronation. 


cycle struck the ulnar side of his hand over the fifth 
metacarpal bone, with the hand resting on the road. 

On EXAMINATION.—There was no abrasion of 
the skin and no obvious deformity. There was slight 
visible swelling of the dorsum of the «hand on the 
ulnar side. Careful palpation elicited slight enlarge- 
ment of the proximal part of the hypothenar eminence, 
which was very tender. Crepitus was obtained by 
pressing rather deeply at this point. 

A radiograph demonstrated the condition, which 
came as rather a surprise in view of the almost normal 
appearance of the hand. Three views were taken 
—an anteroposterior in supination, a lateral, and an 
anteroposterior in pronation (Fig. 417, A, B, ©). 
The base of the fifth metacarpal bone was seen to be 
displaced forwards and towards the radial side. A 
small detached fragment of bone was noted lying to 
the medial side of the wrist, and was apparent only 
in the anteroposterior view taken in supination 
(Fig. 417, A). 

TREATMENT.—Six hours after the injury, mani- 
pulative reduction was performed under sodium 
pentothal anesthesia. Traction was applied to the 
5th finger with the surgeon’s right hand, while strong 
pressure was exerted on the hypothenar eminence 
in a medial and backward direction with the ball of 
the surgeon’s left thumb. Deep bony movement 


REVIEW OF LITERATURE 


Few similar cases have been reported. Norman 
Roberts (1936) described 4 cases of the disloca- 
tion of the fifth metacarpal bone :— 


Case 1.—An ‘inward and upward’ complete 
dislocation in which manipulative reduction failed 
at the end of the first week. Five months later the 
man had 95 per cent function. 


Case 2.—An ‘inward and upward’ dislocation. 
An attempt at reduction (date after injury not stated) 
failed. ‘The man, however, got a good functional 
end-result. 


Case 3.—An ‘inward and upward’ dislocation, 
with X-ray appearances the same as Cases 1 and 2. 
This was readily reduced, but reduction was not 
maintained. How long after injury manipulation 
was attempted is not stated. She was in extension 
for three weeks, but relapsed again after. An excel- 
lent functional result was obtained. 


Case 4.—In this case no clinical history is obtain- 
able, but radiographs from a collection belonging to 
Robert Knox demonstrate a dislocation almost 
identical with the case described, i.e., ‘ forwards and 
outwards ’. 
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FRACTURE-DISLOCATION 


Roberts also relates a case McWorter des- 
cribed in the Surgical Clinics of Chicago. In this 
case a man aged 23 was admitted to hospital 
with a dislocation ‘ forwards and outwards’ two 
weeks after the accident. Manipulation failed 
and an extensive resection of the palm was neces- 
sary to free the bone. It was successfully replaced 
and remained stably reduced. 

Another case is described by Buzby (1934). 
A woman was X-rayed sixteen days after a motor 
accident and a ‘ forward and outward ’” dislocation 
of the fifth metacarpal demonstrated. Manipula- 
tive reduction evidently failed or was not at- 
tempted, as an open operation was undertaken 
sixteen days after radiography. A palmar flap 
was first of all made to mobilize and reduce the 





A 


OF FIFTH METACARPAL $403 


DISCUSSION 


It may be noted that in this case the radio- 
graph taken with the hand in supination shows 
a small piece of detached bone lying on the medial 
side of the wrist. In the view taken in pronation 
and in the lateral view this is not visible. A 
similar piece of bone is seen in the radiographs 
of Watson-Jones’s case, but here the lower end 
of the ulnar is not visible to indicate if the limb 
was supinated or not. In Roberts’s Cases 1 and 
2 it is specified that the anteroposterior view was 
taken with the palm down, but in all other cases 
mentioned there is no indication as to which 
anteroposterior view was taken, and it seems 
probable all were taken in pronation. It is 
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Fic. 418.—Radiographs of same views as in Fig. 417 taken 14 days after reduction, with plaster cast removed. 


dislocation and then a dorsal incision to suture 
the base of the fifth metacarpal to the base 
of the fourth, with No. 2 chromicized catgut. 
The reduction was demonstrated by X rays and 
a successful end-result obtained. 

Buzby thought that the cause of the disloca- 
tion in this case was forcible turning of a tightly 
gripped steering-wheel. But a direct blow on the 
ulnar side of the fifth metacarpal bone by one of 
the bars of the steering-wheel would seem as 
likely an explanation, and would be a similar 
directional force to that causing the dislocation 
in the case described here. 

Watson-Jones (1940) records a case where the 
dislocation was due to a fall from a motor-cycle 
on the ulnar side of the wrist, in a man aged 23. 
The case was first seen seven weeks later and 
radiographs were almost identical to those shown 
here. The bone was replaced by open operation 
through an incision over the ulnar border of the 
hand, and the metacarpo-carpal joint arthrodesed 
to maintain reduction. A 100 per cent functional 
result was obtained. 


possible, therefore, that to be accurate this injury 
should always be described as a  fracture- 
dislocation, but to demonstrate the fracture an 
anteroposterior view in supination is necessary, 
as in the case described. 

The fragment is most likely detached from the 
base of the fifth metacarpal. It may be the 
attachment of the extensor, or flexor, carpi 
ulnaris, and may act as a factor complicating 
reduction in the same way as an avulsed greater 
tuberosity can complicate the reduction of a 
dislocated shoulder. 

In all the cases mentioned, except Roberts’s 
Cases 2 and 3 (where no date is stated), a period 
of time varying from one to seven weeks had 
elapsed before the diagnosis was made. This 
emphasizes the fact that the diagnosis is far from 
obvious and may easily be overlooked without 
an X-ray examination, as the base of the displaced 
bone lies deep to the hypothenar muscles. 

In Roberts’s Cases 1, 2, and 3 the displacement 
was upward and inward, but in his Case 4 and 
those of McWorter, Buzby, and Watson-Jones, 
the radiographs were similar to those shown. In 
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none of the latter was manipulative reduction 
successful, doubtless because they were seen as 
unreduced dislocations of some standing. It 
would seem, therefore, as in other dislocations, 
the time factor is of vast importance, and if the 
correct diagnosis can be made and manipulation 
undertaken immediately or within a reasonable 
time, this dislocation may be successfully reduced 
and maintained in position. 


JOURNAL OF 








SURGERY 


REFERENCES 
ROBERTS, N., and HOLLAND, T. (1936), Brit. ¥. Surg., 
23, 567. 
Buzsy, B. F. (1934), Ann. Surg., 100, 555. 


WATSON-JONES, R. (1940), Fractures and Other Bove 
and foint Injuries, 656. Edinburgh: E. & 5S. 
Livingstone. 





SHORT NOTES 


OF RARE OR OBSCURE CASES 





A CASE OF UTERO-VESICAL FISTULA 


By R. J. WILLAN anp A. F. BERNARD SHAW, NEWCASTLE UPON TYNE 


Cases of non-malignant utero-vesical fistula must 
be uncommon: during a period of thirty-seven 
years of practice I have only seen or heard of 
the one I am now recording. There must be 
others, though I have failed to find one in an 
admittedly incomplete examination of the surgical 
literature. 

This recorded case apparently followed the 
use of radium in the treatment for metrorrhagia, 
where a fistula formed between the base of the 
bladder and the uterine cervical canal. Recorded 
cases of vesico-vaginal fistula in the literature 
mention, as in this case, a considerable lapse 
of time between the use of radium and the 
establishment of a fistula. 

Before the operation I considered the problem 
of the possibility of normal micturition ever 
becoming established, for after three years the 
non-distensible bladder must tend to become 
an inert tube. I warned the patient that at the 
best there would probably be some trouble in 
getting the bladder accustomed to hold urine. 

Two operations were required before closure 
of the fistula was effected: first a combined 
intravesical and intraperitoneal approach, and 
secondly, intravesical only. 

The present position is that she has full con- 
trol of her urine when in bed and she has never 
had a wet bed since the fistula was closed. During 
the day, when sitting, she also has full control, 
but while standing or walking control is as yet 
incomplete. She carries on her work as nurse to 
a crippled old lady. Though this is not an onerous 
post, she deserves great credit for her outstanding 
pluck in carrying on her work despite her 
infirmity. 

Treatment to the bladder sphincters by a 
faradic current has helped matters, and it is being 
continued. 

The cause of the attacks of renal colic and 
of the attacks of (?) acute intestinal obstruction 
have not been determined, but are under investi- 
gation. 

A matter of considerable interest is a full 





pathological report of the removed uterus six 
years after treatment by radium for metrorrhagia. 


CASE REPORT 


History.—The patient, Miss R. H., aged 34, 
a State Registered Nurse, has given me the following 
written history of the case :— 

“Trregularity of the menstrual functions com- 
menced in February, 1936 (a show two or three days 
each week, and a severe hemorrhage every twenty- 
eight days): this continued until June, when I was 
admitted into a large general hospital, where I was 
given radium treatment. 

“I was told that radium was put into the cervix 
to shrink the uterus—after the radium was removed 
a ribbon-gauze pack was lost in the vagina and was 
found after six weeks, when there was again severe 
hemorrhage lasting a week, when my condition 
became critical (my relatives not being allowed to 
leave the hospital for some days). After three weeks 
I was examined under an anesthetic, and was told 
everything would be all right in time. 

“There was no menstruation for a year; my 
periods started again in September, 1937, and were 
normal until June, 1938, when there started a vaginal 
discharge which looked like very pale watery blood— 
it caused an irritation in the vagina and the vulva, 
and lasted for some weeks. 

“In June, 1938, I was readmitted to the same 
hospital, where I had an examination under anes- 
thesia. The surgeon prescribed a_ gentian-violet 
pack into the vagina, to be renewed each day for four 
days, and afterwards an ichthyol pessary inserted 
p.v. once a day for eight days, after which that 
condition cleared up—there was no vaginal discharge, 
and my periods were again quite normal. 

“On Dec. 26, 1939, when away from home, I 
had left renal colic, the spasms starting after emptying 
the bladder, each spasm lasting about half an hour. 
I was admitted into the local cottage hospital. I was 
given morphia with each attack and was X-rayed. 
The doctor said there appeared to be a mass behind 
the pubis, and that I must go to a larger hospital. I 
was transferred to the original hospital on Jan. 13, 
1940. The surgeon said I had acute cystitis and 
prescribed neocet, and the renal colic stopped after 
two weeks. Incontinence of urine started after the 
second spasm, Dec. 27, 1939, and I have never 
micturated per urethram since. I again went into the 
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same hospital in June, 1940, for a cystoscopic.examina- 
tion. The surgeon reported that there was nothing 
wrong with the bladder or ureters. I had definitely 
made up my mind that my present mode of life was 
intolerable, and I desired some kind of relief whatever 
the operative risk.” 


I have been able to ascertain that 20 mg. of radium 
(i.e., 4 needles, each containing 5 mg.) were inserted 
at 11.20 a.m. on June 12, 1936, and were removed at 
12.15 p.m. on June 15, 1936. 

The patient was admitted to the Leazes Hospital, 
Newcastle upon Tyne, on July 30, 1942. She was 
very stout, but looked in good health. At one time 
she weighed 17 st.: her weight on admission was 
about 134 st. Apart from the incontinence of urine, 
a general routine physical examination showed no 
abnormality. 

The urine obtainable showed absence of sugar 
and albumin. Microscopically occasional red or 
white blood-cells, also squamous epithelial cells, 
were present. 

During the diagnostic cystoscopy, under general 
anesthesia, the introduced lotion continued to leak 
into the vagina during the examination, but the 
bladder remained distended long enough for a 
clear view to be obtained. On the base of the 
bladder, immediately behind the inter-ureteric bar at 
its middle, was a circular opening of approximately 
I cm. in diameter. A ureteric catheter would not 
travel through the opening into the vagina. With 
the patient in the lithotomy position the vagina was 
inspected through a speculum, when lotion was 
observed escaping from the cervix ; no other abnor- 
mality was seen. The cervix was firmly fixed high 
up in the pelvis, and despite traction with vulsellum 
forceps it could not be moved. An attempt to intro- 
duce a probe into the bladder through the uterine 
cervix failed: both a urethral gum-elastic catheter 
and a malleable metal probe were tried. A digital 
examination showed a completely immobile uterus 
with both broad ligaments represented by broad fixed 
bands of tissue, probably fibrous. A straight radio- 
graph of the urinary tract showed no abnormality. 

The renal function tests were normal. Uroselectan 
pyelography showed normal shadows in each renal 
pelvis and calices, and, further, that the bladder 
retained a small quantity of the dye. 

OPERATION (Aug. 7, 1942).—Under gas, oxygen, 
and ether anesthesia. 

One pint of saline solution was introduced by a 
Higginson syringe under each mamma, after which 
the patient was placed in the lithotomy position. A 
further attempt to introduce either a solid probe or a 
ureteric catheter into the bladder via the cervix uteri 
failed, owing to immobility of the uterus. This 
immobility precluded any attempt to repair the fistula 
by a vaginal approach. The vagina was irrigated with 
a I-80 solution of carbolic acid, and packed with a 
mop wrung out of a I-10,000 solution of hydrarg. 
perchlor. 

After resumption of the supine position, the 
bladder was opened suprapubically, but owing to the 
patient’s physique and the distance of the fistula from 
the surface, the fistula, though visible and palpable, 
could not be reached for operation. The peritoneal 


cavity was opened, and, after packing off the mobile 
pelvic contents, the pelvic colon and both ureters 
were inspected and palpated, no abnormality being 
found. The posterior wall of the bladder was divided 
vertically in the midline down to the level of the 
fistula. 


The atrophied body of the uterus was useful 
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at this stage for purposes of retraction ; later it was 
removed. The mucous membrane of the cervical 
canal was treated by a diathermy needle, but subse- 
quent events showed that it had not been destroyed. 

The fistulous opening was intimately incorporated 
with the cervix, being firmly adherent. The edges of 
the ulcer, which consisted of hard scar tissue, were 
pared with a scalpel and freed from the underlying 
cervix and approximated with thin interrupted chromic 
20-day catgut sutures. 

The posterior wall of the bladder, up to the site of 
exit of the bladder drain, and the peritoneal cavity 
were closed with continuous catgut sutures. 

The bladder was drained by a large-calibre india- 
rubber tube, the cave of Retzius by a rubber-tissue 
drain, while the pouch of Douglas was drained by an 
india-rubber tube inserted per vaginam. 

The operation—a very arduous one—took three 
and three-quarter hours: at the conclusion there was 
no evidence of shock ; the patient was warm and not 
perspiring, while the pulse-rate was 92 per minute. 

AFTER-TREATMENT.—A Cathcart pump (to syphon 
off the urine as secreted) was used for ten days. 

AFTER-PROGRESS.—Convalescence proceeded with- 
out undue incident. After replacement of the large 
drainage tube by a smaller one on the eighteenth day, 
the patient had occasional desires to micturate which 
thrilled her, the first time she had experienced this 
feeling for three years. She was cystoscoped on 
Aug. 28, when the fistula was still present. Cysto- 
scopy was repeated on Sept. 21 and on Sept. 29: 
though the opening was smaller, the incontinence of 
urine continued, and it was evident that the operation 
had failed. 

It showed ample evidence of the patient’s -pre- 
operative misery that, despite all she had gone through 
following the operation, she unhesitatingly agreed to 
a further attempt for a cure. 

SECOND OPERATION (Oct. 6, 1942).—The opera- 
tion was done in the supine position. Submammary 
saline was again injected prior to operation. The 
vagina was irrigated with a 1-80 solution of carbolic 
acid and again was packed with a hydrarg. perchlor. 
swab ; both ureters were catheterized. 

The bladder was opened widely extraperitoneally ; 
the edges of the bladder end of the fistula were freed 
and the edges excised. The bladder margins of the 
ulcer were approximated with thin 20-day chromicized 
catgut, followed by two interrupted ‘ tension sutures ’ 
of thick chromic catgut well away from the suture line. 
The cave of Retzius was drained by an india-rubber 
drain and the bladder by an india-rubber tube. The 
operation took two and a half hours. There was no 
post-operative shock. 

AFTER-PROGRESS.—This was uneventful. A Cath- 
cart pump was again utilized. 

Cystoscopy on Nov. 3, showed that the fistula had 
closed, but some catgut sutures remained in situ. 
Further cystoscopy on Nov. 14 showed that the 
intravesical wound was soundly healed; during this 
examination some lotion escaped alongside the 
cystoscope. 

PRESENT CONDITION.—She was seen on Oct. 7, 
1943. She looked in good health and said she felt 
well; her present weight is about 12 st. There is 
now perfect control of her urine during the night and 
she has never had a wet bed since the operation. 
She had passed 20 oz. of urine on awakening that day 
and has voided as much as 40 oz. at the first morning 
micturition. When up and about, if she stands in 
one position, e.g., cooking food, she can retain up to 
4 0z., but when walking only 2 oz. can be held ; after 
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these amounts, respectively, are exceeded, there is 
incontinence. In each case a leak is preceded by a 
desire to micturate; she has checked the amounts 
referred to by measurement. 

She still complains of periodic attacks of acute 
lower abdominal pain which are becoming more 
frequent and now occur at six-weekly intervals. The 
first attack was in December, 1939. The pain is 
accompanied by vomiting, abdominal distension, and 
inability to pass flatus ; the attack is cured by a dose 
of castor oil and a good movement of the bowels. A 
barium meal follow-through is to be carried out to 
determine if there is any narrowing of the lumen of 
the intestinal tract. A blood-urea estimation is to be 
repeated ; although her urine is virtually normal, the 
cause of the pain might possibly be due to pseudo- 
intestinal obstruction. 

For some time she has been having electrical 
treatment for the bladder sphincters; a faradic 
current is used, a ‘ probe’ being inserted into the 
urethral entrance with a pad suprapubically. 


PATHOLOGY 
(A. F. Bernard Shaw) 


The material consists of a portion of the fundus 
uteri, 2°5 cm. long. The endometrium on the 
anterior wall is thickened to a maximum of 0:5 cm., 
while that on the posterior surface appears normal. 





Fic. 419.—Showing a uterine artery of a diameter of 
200u in which the lumen is reduced to a pin point by 
hyalinosis of the intima. There is consecutive atrophy 
of the media. The light areas in the myometrium are 
collagenous tissue. Stained hematoxylin-erythrosin- 
saffron. (x 36.) 


HIsTOLOGY.—The endometrium exhibits the 
hyperplastic changes due to persistent and excessive 
action of cestrin, and is also the site of mild subacute 
endometritis possibly due to infection from the 
fistula. There are no changes suggesting the effects 
of radium. 

On the other hand, the myometrium, by the 
various staining techniques, including those for the 
identification of collagen, muscle, elastic tissue, and 
fibrin, reveals considerable alterations. Everywhere, 
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but especially towards the cervical pole, the amour: 
of muscle is reduced; it is replaced by collagenous 
tissue of varying grades of maturity, which in places 
is hyalinized and almost acellular. From an estimat: 
based on the wide-field microscope, muscle and 
collagen are present in about equal amounts, wherezs 
in the nulliparous uterus during the period of active 
sexual life the proportion of muscle to collagen is 
about 2:1. 

The changes in the arteries are the most character- 
istic and affect those with an over-all diameter of 
200 or less, while those of 3004 or more are healthy 
or but slightly involved. The veins show little 
change. The intima of the arteries is greatly swollen 
by a hyaline substance with a fine fibrillary texture 
which gives the histochemical reactions of an altered 
collagen ; there is no evidence that fibrin has taken 
any part in its formation. The cells in this material 
have largely disappeared, only a few pyknotic nuclei 
remain, and it must be concluded that the intima 
consists of dead and inert tissue. As a result of the 
intimal changes the lumen is reduced almost to a pin- 
point, but is seldom obliterated ; it is lined by living 
endothelium and despite the diminutive channel the 
blood circulates freely (Fig. 419). Nowhere is there 
evidence of recent or old thrombosis. Serial sections 
show that the process involves a considerable length 
of each vessel, converting it into a thick and almost 
solid structure. The media is attenuated or has 
disappeared, presumably from pressure by the thick- 
ened intima, and is rarely involved by the hyaline 
substance. The arterial elastic tissue has the normal 
distribution of the adult nulliparous uterus, consisting 
only of an internal lamina, which, however, is greatly 
altered ; it is split into two or more layers of fractured, 
nodular, and very swollen fibres, the appearances 
being those of a degenerative change rather than an 
adaptation to the dynamics of the circulating blood. 
Where the media has disappeared, the elastic lamina 
forms the external boundary of the vessel. 

To summarize the arterial changes, it can be said 
that the intima is transformed by a hyaline substance 
into a thickened and dead tissue which reduces the 
lumen to a pin point, but seldom leads to complete 
occlusion. Only the endothelium remains intact, so 
that thrombosis does not occur and the blood con- 
a to circulate through vessels which, in part, are 
dead. 

There can be little doubt that the vascular and 
myometrial lesions are due to the local application of 
radium two years previously, and are not complicated 
by the effects of pregnancy or the menopause. Appar- 
ently identical changes following uterine radiation 
were first described by Letulle (1922) and later by 
Rud (1925). Special attention was drawn by Letulle 
to the vascular lesions which he described as a fibrin- 
oid necrosis, believing for histochemical reasons that 
the fibrillary substance in the intima was related to 
fibrin. The appearances in the present case, however, 
do not confirm this view, and, whatever the nature 
of the intimal material may be, the histochemical 
analysis does not reveal any evidence that the deposi- 
tion or adsorption of fibrin has taken any part in the 
process. 
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TRAUMATIC RUPTURE OF KIDNEY 
DISLOCATED 


TRAUMATIC RUPTURE OF KIDNEY AND 





SPLEEN 407 


AND SPLEEN, 
PELVIS 


WITH 


By S. R. ADLINGTON 


SURGICAL FIRST ASSISTANT, PROFESSORIAL UNIT, ROYAL SHEFFIELD INFIRMARY AND HOSPITAL 


RUPTURE of kidney and spleen with marked intra- 
peritoneal hemorrhage is a severe enough injury ; 
but when, in addition, there is fracture-dislocation 
of the symphysis pubis, dislocation of right sacro- 
iliac joint, and later bilateral bronchopneumonia, 
burst abdomen, and fecal fistula, with recovery, 
such a case seems to merit recording. 

The dictum of the Shock Unit of this hospital 
(under the direction of Mr. F. W. Holdsworth) 
was followed with advantage in this case, i.e., 
immediate operation on a patient with a B.P. 
95/75 without waiting for the ‘control’ of shock 
by blood transfusion and resuscitation. Resus- 
citation and blood transfusion should not delay, 
but should be carried out concurrently with, 
operative interference. 


CASE REPORT 


Albert Smith, aged 36 years, a munition worker, 
was admitted to the Sheffield Royal Infirmary on 
June 1, 1943, following a severe accident in a steel 
works some one and a half hours previously. A 
§7-ton jib crane swung round and the crab of the 
crane, weighing 25 tons, struck him on his back 
and trapped him against a stack of 8-in. naval shells 
weighing about 20 tons. 

The patient remembered having severe abdominal 
pain immediately after the blow and vomiting some 
blood. He was given morphia (gr. }) at the works, 
and on admission to the hospital he was in a collapsed 
condition. He was cold and sweating, and complained 
of violent abdominal pain and inability to move his 
legs properly. There was very marked pallor of the 
mucous membrane and he had an anxious expression. 
His pulse was 96 and of very poor volume. His 
blood-pressure was 95/75. There was remarkably 
little bruising or abrasions of the back. His chest 
moved well on respiration, but the abdomen, which 
was slightly distended, was immobile. He was 
tender all over the abdomen and in both renal angles, 
but most particularly in the left renal angle and over 
the pubis. The abdomen was dull to percussion all 
over, except for slight resonance in the right flank. 
He was tender over the lumbar spine, but he could 
move both his legs and there were no physical signs 
of injury to the central nervous system. X-ray 
examination did not reveal a fracture of the spine or 
ribs, but there was a dislocation of the right sacro- 
iliac joint with a fracture-dislocation of the symphysis 
pubis. 

A pre-operative diagnosis of ruptured left kidney 
With intraperitoneal hemorrhage was made. The 
patient was then immediately taken to the theatre 
and anesthetized with open ether following an injec- 
tion of #s gr. of atropine. 

AT OPERATION.—A rubber catheter was passed 
into the bladder and heavily blood-stained urine was 
evacuated. A blood transfusion was started and the 
blood was run in rapidly (three pints in the first hour). 
A left-sided Battle’s incision was made : the peritoneal 
cavity was full of blood. On exploring the abdomen 





a large rent was found in the peritoneum of the left 
paracolic gutter and a small pyramidal-shaped piece 
of kidney was mopped out from the peritoneal cavity. 
The kidney was found to be severely lacerated and 
was removed. The bleeding still continued and on 
palpation of the spleen this was also found to be 
severely lacerated. The incision was enlarged up- 
wards and a transverse incision made near its upper 
end. The spleen was then removed and the abdomen 
closed. (Fig. 420.) 





Fic. 420.—Photograph of ruptured kidney and spleen, 
both removed with recovery. 


ProGreEss.—The transfusion was continued until 
a total of four pints of blood had been given, and then 
two litres of dextrose were given. On June 2 a full 
course of sulphathiazole was started. On June 3 
the patient’s temperature rose to 102°8°, his pulse to 
145, and his respiration rate to 36. Examination of 
the chest showed bronchopneumonia, which slowly 
responded to the sulphathiazole and oxygen adminis- 
tered by a B.L.B. mask. Thirty ounces of urine 
were excreted in the first twenty-four hours and 
excretion was satisfactory until the fourteenth day 
after operation, when it was reduced to 15 oz., and on 
the fifteenth day to 8 oz. 

The non-protein nitrogen reading taken on the 
fifteenth day was 66 mg., but on the sixteenth day, 
after the administration of one litre of sodium sulphate 
(42°85 g./litre) and three litres of glucose-saline 
intravenously, this was reduced to 32 mg. The 
excretion of the urine was then 37 oz. in twenty-four 
hours and the patient’s condition correspondingly 
improved. 

Ten days after operation the lower part of the 
incision burst. Three days later a small piece of 
undigested cabbage was extruded through the wound 
—a fecal fistula was established and there was pro- 
lapse of mucous membrane of small intestine. On 
July 2 a lower paramedian incision was made, the 
perforated gut was freed from the original incision 
and drawn down to the lower incision, where a resec- 
tion and lateral anastomosis was performed. The 
perforation was 34 in. in length in the longitudinal 
axis of the gut. 











- 408 THE BRITISH 

Convalescence was then smooth, except for a 
collapse of the lower lobe of the left lung. The 
dislocation of the pelvis was treated by immobilization 
between sandbags and a pelvic binder. X rays 
showed the dislocation to be reduced. The patient 
could walk quite well and was free from pain before 
his discharge. 


COMMENT 


The immediate operation, with rapid blood 
transfusion, was in this case definitely more 
satisfactory than waiting for treatment of the 
initial shock, since very active hemorrhage was 
progressing. The dramatic effect of intravenous 
sodium sulphate (42°85 g./litre) was also noted, 
both in its effect on the N.P.N. level and on the 
general condition of the patient. 

The cause of the burst abdomen was probably 
digestion of the wound, aud the catgut in it, by 
pancreatic ferments set free either at the time of 
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injury or as the result of damage to the tail of tie 
pancreas at the time of splenectomy. 

The cause of the fecal fistula is debatable: 
possibly it was due to injury to the bowel at the 
time of the accident; possibly it was due to 
thrombosis of mesenteric vessels at the time of 
the injury or at the time of the operation. 

R. Desjaques et al. (1930) report nearly a 50 
per cent recovery rate for combined nephrec- 
tomy and splenectomy in 46 cases of concomitant 
rupture of the spleen and the left kidney. 


I wish to thank Professor Finch for permission 
to treat and publish this case, also for his helpful 
advice and for performing the second operation. 
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AN UNUSUAL CASE OF DIVERTICULUM OF THE SMALL INTESTINE 
By LieEvuT.-COLONEL FRANK pD’ABREU, R.A.M.C. 


DIVERTICULA of the small intestine are, with the 
exception of Meckel’s diverticulum and those of 
the duodenum, comparatively rare. The unusual 
complication of intestinal obstruction due to the 
formation of a strangulating granulomatous mass 
around the diverticulum met with in this case, 
makes it worthy of record. The deposit of fibrous 
tissue constricting the bowel lumen is a well- 
known complication of inflamed diverticula of the 
large intestine and such a process seems to have 
been mimicked by the diverticulum of the small 
intestine described here. Chronic diverticulitis of 
the colon, however, rapidly becomes adherent to 
surrounding structures, whereas in this case the 
mass was quite free. 


CASE HISTORY 


History.—W. D., aged 37, a Regimental Sergeant- 
Major to a Tank Regiment, during the retreat from 
Burma in March, 1942, began for the first time in his 
life to experience epigastric pain soon after his meals, 
and vomited his food from time to time. His sym- 
ptoms were relieved by alkalis and aggravated by 
meat, and persisted for two months. At the end of 
this time he had an attack of diarrhoea with colicky 
abdominal pain, but no blood or mucus appeared 
in his stools. This lasted for five days, and was 
followed by alternating constipation and diarrhoea 
which persisted up to the time of operation. In six 
months he lost 2 st. in weight. 

On reaching the Base he was sent by his R.M.O. 
to hospital with a tentative diagnosis of peptic ulcer, 
and was investigated in the Medical Division. Re- 
peated examinations for malarial parasites and 
dysenteric organisms were negative. A barium meal 


showed no evidence of gastric ulcer or neoplasm, and 
a barium enema and sigmoidoscopy revealed no evi- 
dence of any abnormality. 

The blood-count was: R.B.C., 4,800,000; Hb, 
100 per cent; W.B.C., 8400; Polymorphs, 62 per 
cent. 


A curious feature of his illness was that 





from the date of his admission (July 3, 1942) until 
after operation (Sept. 15) he had three attacks of 
fever which lasted, on the first occasion for a day, 
on the second for three days, and on the third began 
on Sept. 3 and persisted until two days after his 
operation. I was asked to see him by Major Day, 
the medical specialist, as his symptoms were thought 
to be suggestive of an intra-abdominal neoplasm. 

ON EXAMINATION.—It was obvious that the patient 
had lost weight, and he appeared cachectic. On 
questioning, a story of borborygmi ending constantly 
in the region of the splenic flexure was elicited. In 
spite of the negative barium enema findings, the 
symptoms were considered by me to point to a growth 
of the large bowel. The absence of any palpable 
lump and the localization of the borborygmi made 
one consider the splenic flexure as the likely situation. 
To complete the investigation, however, a barium 
meal with follow-through radiographs was ordered 
for the following day. On visiting the patient that 
evening, however, he was undergoing an attack of 
colicky pain, and there was clearly visible peristalsis. 
The barium meal was therefore cancelled and it was 
decided to operate the following morning. 

AT OPERATION (Sept. 15).—An exploratory left 
upper paramedian incision was made under gas and 
oxygen anesthesia and a hand inserted into the 
splenic flexure region. A mass was felt there which 
somewhat surprisingly was delivered fairly easily, and 
was found to lie in a portion of small intestine 
and mesentery at roughly the junction of the 
jejunum and ileum. There was a hard constriction of 
the gut and a large solid lump in the adjoining mesen- 
tery surrounded by firm enlarged glands. The 
proximal gut was grossly distended, the distal corres- 
pondingly collapsed. There was no obvious excess of 
free peritoneal fluid. About a foot higher up the bowel 
was another constriction of the gut, but no induration 
could be felt at this point. A section of gut 14 ft. 
long and including the two constrictions, together 
with a corresponding wedge of mesentery with the 
indurated mesenteric mass, was then resected and 
an end-to-end anastomosis performed, with closure 
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of the mesenteric gap in the usual manner. During 
the operation one pint of whole blood was given by 
the drip method. 

His temperature fell to normal the third day 
after operation, when he was given light diet and began 
gradually to put on weight. He thereafter lost all 
his symptoms and remained apyrexial. His weight 





Fic. 421.—The portion of intestine and mesentery 


removed at operation. A, Small diverticulum into 
mesentery; B, Stricture; C, Indurated mesenteric 
mass ; D, Stricture higher in the gut. (See text.) 


just before operation was 8 st. 12 lb. and was restored 
to 10 st. 11 lb. (about his normal weight) when he 
was discharged from hospital on Nov. 24. 
PATHOLOGY (Fig. 421).—The mass was very firm 
and could almost be described as stony hard. It 
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lay in the mesentery adjoining the bowel (C) and was 
continuous with a fibrous stricture of the latter. 
There were numerous firm enlarged glands scattered 
in the mesentery around, and a fibrous band in the 
substance of the latter extended towards a portion of 
bowel higher up, where a second stricture seemed to 
be in process of formation. When slit open the 
resected intestine revealed a small diverticulum into 
the mesentery (A), and immediately below its opening 
a stricture (B) which would just admit the passage of 
an ordinary silver probe. There was no evidence of 
actual ulceration at this spot, but the bowel above 
was dilated and collapsed distally. At the site of the 
higher, early stricture, the mucous membrane was 
inflamed and superficially ulcerated (D). 

The specimen was sent to Lt.-Col. R. Phease, 
who gave the following report ;— 

Section 1, A (of diverticular orifice): Mucous 
membrane, acute inflammatory reaction ; submucous 
coat, thickened with round-cell infiltration ; muscular 
coat, hypertrophied ; subserous coat, thickened with 
vascular dilatation and round-cell infiltration. 

Section 2, B (of stricture): Mucous membrane, 
absent (not included in section); muscular coat, 
marked degree of round-cell infiltration ; subserous 
coat, thickened, vascular dilatation and round-cell 
infiltration. 

Section 3, D (of secondary stricture): Mucous 
membrane, subacute inflammatory reaction; sub- 
mucous coat, thickened with round-cell infiltration ; 
muscular coat, hypertrophy less marked; subserous 
coat, less thickened, with round-cell infiltration. 

Section of Mesenteric Lymph-gland: Slight dilata- 
tion of sinusoids and mild subacute inflammatory 
reaction. 


My thanks are due to Major Lawlor, R.A.M.C., 
who kindly provided me with a photograph of the 
specimen; Lt.-Col. R. Phease, R.A.M.C., for 
his report on the sections ; and Col. G. Moulson, 
R.A.M.C., commanding the Hospital, for per- 
mission to publish this case. 





A CASE OF SUBARACHNOID 


By Major B. B. 


THIS case is brought to notice on account of the 
rarity of the condition of subarachnoid abscess, 
the difficulty of differential diagnosis from cerebral 
abscess, and the scanty accounts of the condition 
found in the text-books. 


CASE REPORT 


The case was a soldier, aged 23, serving in India, 
who had previously been healthy. He was admitted 
to hospital on April 15, 1943, on account of an acute 
tight otitis media. He had had pain in the ear for 
two days previous to admission, and when first seen 
it was discharging thick mucoid pus. Local treatment 
without chemotherapy was instituted at once and the 
discharge decreased. The patient remained constitu- 
tionally well until April 23, when he had a fairly severe 
attack of headache and rise of temperature to 103° F. 
The ear was examined and no local cause for this 
could be found. A presumptive diagnosis of malaria 
VOL. XXXI—NO. 124 
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was made and treatment with quinine commenced. 
The symptoms subsided after three days. 

He remained well until May 4, when once again 
he had headache, pyrexia, and this time also pain in 
the ear. The ear was examined by Major Seed, 
R.A.M.C., who found a central perforation of the 
drum, free discharge, and no signs of mastoiditis. On 
the evening of the same day he became confused and 
rather irritable, and on the next day was found to 
have a left lower facial weakness. On May 6 a partial 
left hemiplegia developed, with deterioration of 
mental condition, neck stiffness, and photophobia. 
Chemotherapy with M & B 693 was commenced with 
an initial dose of 2 g., followed by 1 g. every four 
hours. 

On May 7 he was referred to the Neurosurgical 
Unit, and his condition was as follows :— 

1. Temperature 102° F., pulse 80. 

2. Disorientated and confused. He was unable 
to co-operate in detailed neurological examination. 
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Alternately drowsy and irritable, and complains 
bitterly of occipital headache. 

3. Marked neck stiffness and photophobia. 

4. One diopter of swelling of both discs, with 
engorgement of retinal veins. 

5. Left hemiplegia involving lower face, arm 
(which was almost completely paralysed), and leg 
slightly. These limbs were a little spastic. The 
tendon-jerks on the left were a little brisker than on 
the right, but more sluggish than normal on both 
sides. Plantar responses were both downwards. 

6. Lumbar puncture: Turbid fluid at a pressure 
of 280 mm. The fluid contained many polymorphs, 
but no organisms on culture or film. 

The patient could not co-operate sufficiently to 
make sensory tests of any value, and the visual fields 
could not be estimated. 

A diagnosis of right-sided temporosphenoidal 
abscess was made and operation was decided on with 
a view to treatment on the principles suggested by 
Northfield (1942 a, b). The age of the lesion was in 
question on account of the previous attack of headache 
and pyrexia. 

OPERATION.—Under general anesthesia reinforced 
by percaine infiltration of the scalp a moderately 
large right-sided flap was turned to expose the 
anterior part of the temporal lobe and the adjacent 
parts of the frontal and parietal lobes. When the dura 
was exposed, it was noticed that it was under rather 
less tension than would be expected. A small incision 
was made into it with a view to exploration with a 
brain needle. A gush of mixed pus and cerebrospinal 
fluid welled up through the incision, which was then 
enlarged cautiously. More pus appeared, and the 
dura was then opened freely, to reveal a collection of 
floccular pus extending over most of the cortex 
exposed. This formed a rather ill-defined abscess 
containing thick pus and cerebrospinal fluid which 
was turbid. The whole of this collection was sucked 
away, leaving exposed an intensely hyperemic cortex, 
the convolutions of which were of normal configuration. 
To be certain that no underlying intracerebral collec- 
tion was present, the temporal lobe was gently 
explored with a brain needle. No pus and no 
resistance to the needle was encountered, and the 
temporal horn of the ventricle revealed itself at normal 
depth. 

The whole was closed without drainage, it being 
considered that the abscess area had been dealt with 
fully. A decompression was left so that any re- 
accumulation of pus would be at once apparent and 
could be dealt with easily through this by needling or 
drainage. During the closure, the anesthetist noticed 
a slight left-sided fit, the significance of which was not 
appreciated at the time. 

ProGRESS.—Immediately post-operatively there 
was very severe restlessness and the left hemiplegia 
became more profound, but after about six hours 
general improvement took place which was maintained 
until May 9, forty-two hours after operation, when a 
complication supervened which nearly proved fatal. 
This was left-sided Jacksonian epilepsy, which came 
on first in brief attacks commencing in the face and 
spreading to the whole left side. Four brief attacks 
which gave rise to no anxiety were followed by a 
severe and continuous one. The patient became 
unconscious and cyanosed, with the whole of the left 
side convulsed by clonic movements. These fits 


were exceedingly difficult to control and pentothal 
had to be administered continuously intravenously for 
two hours. Any lightening of the anesthesia resulted 
in immediate recurrence of the status epilepticus. 
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Luminal given intravenously did not appear to be 
any more effective than the pentothal. At the end 
of this period death seemed imminent, but for no 
apparent reason consciousness was recovered and the 
epilepsy was reduced to a twitching of the left corner 
of the mouth, which continued for several hours, 
There was no local cause found for the epilepsy, the 
decompression being quite soft and lumbar puncture 
revealing a fluid at pressure of 140 mm. only. This 
specimen contained 250 cells per c.mm., chiefly 
polymorphs. On this occasion Staphylococcus albus 
was cultured, the only time an organism was isolated. 

During the ensuing night two minor attacks came 
on, but the next morning he had a recurrence of the 
status epilepticus; this was almost as difficult to 
control as the previous attack, but, fortunately, did 
not last for quite so long. 

Following this episode, the patient made a remark- 
ably smooth and rapid recovery. He had no further 
fits and the hemiplegia recovered completely during 
the course of the next seven days, after which time 
the cerebrospinal fluid became normal. 

The wound healed by first intention and there was 
never any sign of re-formation of the abscess. Chemo- 
therapy was, of course, continued after operation, by 
mouth when possible and during the fits intra- 
venously. Eight weeks after operation the patient 
was attending physical training classes in the re- 
habilitation centre without ill effect, and was dis- 
charged .to duty in medical category C. It was 
thought unwise to return him to full duties until one 
was certain that epilepsy would not develop in the 
stress of military life. The otitis media cleared 
up completely and showed no signs of recurrence 
during convalescence. 


DISCUSSION 


The differential diagnosis of subarachnoid 
from cerebral abscess on clinical grounds was not 
possible here. Cairns has stressed the importance 
of finding quadrantic field defects in temporo- 
sphenoidal abscess, and had it been possible to 
plot the fields of vision in this patient the absence 
of such a defect might have made one suspicious 
that the lesion was not in the brain substance. 
The clinical similarity of the two conditions is a 
further argument in favour of early and thorough 
exploration in cases of suspected cerebral abscess. 
The subarachnoid collection was only very thinly 
walled off from the rest of the spaces and delay in 
treatment might easily have given rise to a 
spreading meningitis. It is difficult to imagine 
any result other than a fatal one with conserva- 
tive measures in such a condition. 

The epilepsy which developed can only be 
attributed to the intense local cortical irritation, 
and it is interesting to note that it did not appear 
until the pus had been removed and the pressure 
relieved. As pathologically this abscess is only a 
localized meningitis, one is tempted to speculate 
on the reason for the relative rarity of epilepsy 
complicating meningitis when it is a characteristic 
of this variety (Brain, 1942) and a nearly fatal 
complication in the case recorded. The only 
explanation which can be offered is that here the 
cortical irritation is much more intense, and, 
what is probably as important a factor, much 
more localized. Certainly the evidence is that 
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as soon as such a condition is diagnosed, the 
patient should be given luminal or similarly 
acting drugs in large doses. 


I wish to thank Colonel G. Moulson, late 
R.A.M.C., for permission to publish this case. 
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HETEROTOPIC BONE FORMATION 
WITH REPORT OF A CASE 


By ALEXANDER LYALL 


THE ROYAL INFIRMARY AND UNIVERSITY, GLASGOW 


THE formation of heterotopic bone in sites 
distant from the skeleton has interested surgical 
pathologists for many years. Macewen used to 
teach that the condition was due to the migration 
of osteoblasts via the blood-stream to certain 
injured tissues and pointed out that the well- 
known ossification of an abdominal scar was 
usually due to injury to the lower sternal margin 
or the upper edge of the pubis, thus setting free 
osteoblasts. Since then ossification has fre- 
quently been described in wounds at some 
distance from these bony points. McCurrich 
and Millington (1943) have pointed out that 
most of these ossified lesions occur in or near the 
midline above the umbilicus, and that this has 
prompted the suggestion by some that there is a 
connexion between the formation of bone in this 
site and the presence of rib-like structures in the 
epigastrium in certain reptiles. They conclude 
that this is unlikely to be true as the ribs and 
sternum in man are developed from cartilage, 
which has not been noted in any of the ossified 
scars reported. 

The following is the report of a case of hetero- 
topic bone formation in which the bony fragments 
were unassociated with operation scars and 
occurred in widely separated parts of the body. 


CASE REPORT 


R. W., aged 32, was first seen by us two years ago 
with painful nodules on the front of the right forearm 
and the left pectoral region. The man stated that his 
trouble had first started about eighteen years before, 
when he had suffered from a “ prickly lump ”’ in his 
left groin. This had been removed by his family 
doctor, but since that time similar lesions had recurred 
in other parts of his body and been excised. When 
first seen by us the swellings of which the patient 
complained felt like small splinters of wood, each 
measuring about I cm. long, and situated immedi- 
ately under the skin. The man had a feeling as if 
he was being pricked when they were palpated. 

Operation was carried out, and the nodules 
removed under local anesthesia. Each one was found 
to lie in the deep fascia, and to consist of a thin spicule 
of bone. Since that time three more similar bony 
spicules have been removed, one from the left forearm 
and two from the left lower abdomen. In each case 
the bony fragment measured between 0-6 and I cm. in 
length and was elongated, flattened, and very thin. 
The man could give no reason why the lesions should 
have occurred at the selected sites, and there appeared 





to be no association between them and trauma or 
chronic irritation. A complete biochemical examina- 
tion of the blood by Dr. Anderson disclosed no 
abnormality. The patient appeared to be otherwise 
a healthy normal individual who worked as a labourer 
and stated that he had hardly had any illness in his 
life. 

Sections of the bony fragments were stained 
with hemalum and eosin after decalcification. Each 
fragment lay in the fibrous tissue of the deep fascia 
which appeared to be condensed around the bone, 
forming a periosteum for it. The bone was dense 
and stained well with the acid stain. The bone cells 
were rather triangular in shape and each lay in a 
lacuna. In the interior of the bony mass were many 
irregular spaces which caused a resemblance to tra- 
becular bone (Fig. 422). These spaces were filled 





FIG. 422.—Low-power section of a bony fragment. 
Note the trabecular appearance, the attempt at marrow 
formation, and the large blood-sinuses. 


with a fairly cellular fibrous tissue. Here and there 
the fibrocytes became rather triangular, and their 
anastomotic processes gave these areas a slightly 
myxomatous appearance. At other parts nucleated 
red corpuscles of the normoblast series were seen, 
showing the presence of erythroblastic tissue and 
suggesting an attempt at marrow formation. Many 
thin-walled blood-sinuses were seen in this tissue, 
each being lined by a flattened layer of endothelium. 
At the end of one of the spicules there was an area of 
fresh hemorrhage. 


DISCUSSION 


So far we have been unable to find in the 
literature any report of a case resembling ours, 
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in which there were such widespread and un- 
connected foci of ossification. There is perhaps 
a superficial resemblance to the condition called 
calcinosis, in which calcified masses appear in 
various parts of the body, and particularly the 
special variant which is given the name of calcin- 
osis cutis. In this condition the calcified foci 
are found in the skin and subcutaneous tissues. 
Pusitz et al. (1938) pointed out that many of 
these cases showed evidence of hyperparathyroid- 
ism without there being necessarily a parathyroid 
enlargement. Our case showed no sign of 
parathyroid disturbance, and an’ X-ray examina- 
tion of the osseous system was normal. It should 
be emphasized that calcinosis does not go on to 
bone formation, so that it differs in this essential 
from our case. Moreover, we could find no 
evidence of calcium deposition which might have 
preceded the actual ossification. 
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The widely scattered nature of the deposits 
probably bears witness to the truth of the theory 
of bone formation expounded by Leriche and 
Policard (1928), according to which the osteo- 
blast is merely a specialized type of connective- 
tissue cell, so that any cell of the mesenchymal 
series, if placed in a certain physico-chemical 
environment, will tend to produce bone. In our 
case the changes determining the metamorphosis 
were quite unknown. 
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A CASE OF PHOSPHORUS BURNS 


By SURGEON-COMMANDER E. R. P. WILLIAMS, O.B.E., R.N. 


THE case illustrated above was received in one 
of H.M. Hospital Ships ten days after injury 
sustained by the explosion of a mine containing 
phosphorus. The subject was an Indian native 
soldier, hence the pigmentation of the skin. 

The burnt area presented an unhealthy blue 
appearance with sharply defined and rather 
undercut edges. No sloughs were present and 


The first treatment of this case had been 
copper sulphate washes followed by saline 
dressings applied nine hours after injury, but 
when received in this hospital ship sulphanilamide 
powder under vaseline gauze was being used. 
The patient’s general condition was extremely 
poor and chest complications were evident, 
though there was no sign of phosphorus poisoning. 





FIG. 423.—Photograph showing the nature and extent of the burns. 


there was no sign whatever of healing. The 
forearms only were burnt. The man had been 


wearing ‘ tropical rig ® and even such thin clothing 
had afforded protection against both flame and 
phosphorus particles. 

It is particularly noticeable that the palm of 
the hand presents the appearance of an ordinary 
burn, in contrast to the thinner-skinned forearm 
(Fig. 423). 





Owing to the peculiar circumstances at the 
time the case could be retained on board for two 
days only and no further report of progress has 
been received. 


Permission to publish this case has been 
kindly granted by Surgeon Captain J. Maxwell, 
C.V.O., O.B.E., R.N., and I am indebted to 
S.B.C.P.0. Dawson for the photography. 
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A FEMALE 


By NORMAN G. GODFREY 


RESIDENT SURGICAL OFFICER, CRUMPSALL HOSPITAL, MANCHESTER 


STRANGULATED interstitial hernia is not a common 
condition in the female, so that details of the 
following case may be of interest. 


CASE REPORT 


A female patient, aged 64, was admitted to hospital 
complaining of central abdominal pain of thirty-six 
hours’ duration. She had vomited several times, and 
her bowels had not been opened since the onset of the 
pain. 

ON EXAMINATION.—The abdominal wall was very 
fat; there was a right inguinal hernia which was 
irreducible and the contents of which were partly cystic 
and partly solid. Immediately above and parallel 
to the right inguinal ligament was an elongated, hard, 
fixed mass, 3 X 2 in., which was painless, dull to 
percussion, and gave no impulse on coughing. The 
possibility of an interstitial hernia was considered, 
and it was decided to explore the inguinal region. 

AT OPERATION.—Under spinal anesthesia a fairly 
long incision was made over the inguinal canal. As 
soon as the external oblique aponeurosis was incised, 
the nature of the hernia became apparent. The 
hernial sac consisted of two loculi, the largest lying 
between the external and internal oblique muscles 
and containing omentum and a loop of strangulated 
small intestine, the smaller loculus extruding through 
the external inguinal ring and containing some 
omentum and clear fluid. The small intestine, which 
was viable, was returned to the abdominal cavity, 
some of the omentum was excised and the remainder 
returned. The hernial sac was excised and the inguinal 
canal closed. 

Gastric suction was employed after the operation 
and the patient made an uninterrupted recovery. 


DISCUSSION 


The term interstitial hernia was first used by 
Goyrand (1836). It is much more common in 
the male than the female, but interstitial hernize 
in women were described by Berger (1891) and 
Auvray (1900). 

If the possibility is kept in mind, there should 
be no difficulty in diagnosing the condition, but, 
otherwise, the presence of a hard mass in either 
iliac fossa above the inguinal ligament in a 
patient with the signs and symptoms of intestinal 
obstruction may be very confusing, particularly 
if there is not a second loculus in the form of a 
hernia below the external ring. 

Wilensky and Gordon (1939) reported a case 
in a woman in which the contents of the sac 
consisted of omentum, and where there was no 
loculus in the form of an external hernia. 

Frankau (1931), in his review of 654 cases of 
strangulated inguinal hernia, found interstitial 
herniz in 6 cases, but of these only one was a 
woman. In the male the condition is always 
an indirect hernia and is often associated with 
an anomaly of the testis. 
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The Foot. By NorMAN C. LAKE, M.D., M.S., D.Sc. 
(Lond.), F.R.C.S. (Eng.), Senior Surgeon and 
Lecturer on Surgery, Charing Cross Hospital ; 
etc. Third edition. 7% xX 54 in. Pp. 432 + 
viii, with 136 illustrations. 1943. London: 
Bailliére, Tindall & Cox. I§s. net. 


“Sir”, said Dr. Johnson, “I have found you an 
argument, but I am not obliged to find you an under- 
standing.” 

The author of this book finds us many arguments, 
some, as he says in his preface, quite unorthodox, and 
these he advances in order to help his readers to keep 
the ‘‘ understanding ’”’ of their patients in comfort 
and good repair. 

It takes a war, the rationing of petrol, and limita- 
tion of transport to bring home to many the importance 
of sound feet which are comfortable no matter how 
long the owner has to stand on them. Many have 
used their feet more during the past three years than 
they did in the previous twenty and appreciate the 
dictum of Sir Henry Holland, Physician to Queen 
Victoria, that “‘ standing combined all the fatigue of 
walking with the stagnation of rest ”’. 


The book was first published in 1935, and this is 
the third edition—a tribute toitsneed. Itis, moreover, 
refreshing to find it is written by a general surgeon 
rather than an orthopedist. This is a trite reminder 
that though the care of the feet may be delegated to 
special departments, yet pain in the foot demands a 
thorough general examination before its cause can be 
diagnosed and the proper treatment assessed. Many 
vascular disorders have pain in the feet as their 
inaugural symptom. The importance of chiropody 
is-now fully admitted, and all hospitals should have a 
skilled chiropodist; the Incorporated Society to 
which they belong is now recognized by the Board 
of Registration of Medical Auxiliaries. 

The author first discusses the comparative anatomy 
and evolution of the foot and assesses these as an 
aetiological factor. His view on the arches of the 
foot and the part they play in pathological conditions 
will not meet with universal approval. He is unable 
to support the modern theories that the arches are 
due to postural or contractural muscle tonus but regards 
the foot as a rigid structure and this condition has not 
been produced as the result of footwear. The arch 








414 THE BRITISH 


of the foot he maintains is a static feature, and part 
of the permanent architecture of the foot. 

The development of the foot is then discussed 
and, as a natural sequence, the normal anatomy. The 
history and evolution of footwear follows, and the 
importance of gait both as the result of and causative 
factor in pathological conditions is assessed. 

The high-heeled shoe is condemned, but this will 
be of little avail—what started as a fad, has now 
definitely become an epidemic and thereby a fashion. 

It is said that few medical men can measure 
properly for the size of a truss, but fewer still could 
order the proper size of shoe for a patient. Moreover, 
different makers vary the sizes slightly, and again 
those of American and French manufacturers are 
different from our own. 

The subject of abnormalities of the foot is very 
controversial, but, as the author states, “‘ the gist of 
many of the arguments used in support of this or that 
theory lies in this question of what is to be regarded 
as the normal and what may be called the ‘ natural ’ 
foot”. It is a moot point how much the natural 
foot has been affected by footwear. The ideal foot 
is the one which is flat when standing but arched in 
activity. It is rarely seen and then only in ballet 
dancers and some—not all—members of a native 
tribe who have never been shod. The functions of 
the foot are twofold—to be a pedestal to stand upon, 
and to act as part of a lever of the second order to 
propel the body forwards in walking or running. 

If these functions are borne in mind, and it is also 
remembered that the deformity is not painful per se, 
then a good start will be made in ascertaining the 
cause of “ painful feet”. The treatment should be 
directed as far as possible to apply the laws of Tre- 
thowan: “the first law of the foot is ‘ thou shalt be 
supple ’, and the second ‘thou should be controlled 
by good muscles’ ”’. 

The importance of conservation in treating in- 
juries of the foot is very rightly stressed. There is a 
great tendency amongst some treating these conditions 
to assume that an artificial foot while saving a great 
deal of time and anxiety for the surgeon is also the 
best for the patient, whereas infinite trouble would 
be taken over a hand injury. It must be remembered 
that if a foot is amputated, except in the case of a 
Syme, a crutch must always be kept handy for the 
rest of the patient’s life. 

The use of local anesthetics in the treatment of 
sprains, as advocated by Leriche, is mentioned almost 
apologetically, but in practice the results are little 
short of marvellous. 

In discussing a Pott’s fracture it is stated that if 
the fracture is reduced “the astragalus naturally 
falling into position when this is achieved”. It 
would be better expressed if the principle of treating 
the complication first was maintained, viz., proper 
reduction of the dislocation will ensure a good result 
of the fracture. 

The chapter on flat-foot is well worth close study. 
** The arch of the foot is an essentially human charac- 
teristic.” The author examines the “‘ postural! tonus ” 
theory of the arch very closely and cannot agree with 
it, and consequently explains the pain as being due to 
an accompanying arthritis relieved by the splinting 
accomplished by the “arch support” rather than 
that it allows tired muscles to rest. 

The good result of foot exercises he also thinks 
are due to an increase of the muscle tone and hence 
a relief to stretched ligaments. 

In considering the various deformities the diffi- 
culty of aetiology is stressed, e.g., hallux valgus is 
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seen in the unshod native, in childhood, and adoles- 
cence. Likewise, very little is known of the cause 
of hallux rigidus, pes cavus, ingrowing toe-nail. In 
all it is the complications which produce the symptoms. 

During the present war chilblains, immersion foot, 
and shelter foot have accounted for much disability, 
and no satisfactory explanation for their occurrence 
is available. The disability is real, as expressed by 
the wee boy to his mother after some hours of sitting 
in a shelter, “ By gum, Mum, my bum is numb ”’, 
and incipient garigrene is always a possibility in a 
numb foot. 

As the author says, “‘a problem is a challenge ”’, 
and no doubt it will be accepted as such by many. 

The fact remains, and has become urgent in the 
last four years, that foot strain produces fatigue in 
industry and the Services and vice versa. 





Fractures and Joint Injuries. By R. WatTson- 
JONES, B.Sc., M.Ch. Orth., F.R.C.S., Consultant 
in Orthopedic Surgery to the Royal Air Force ; 
Director of Orthopedic and Accident Service, 
The London Hospital; etc. Third edition. In 


two volumes. Vol. II. 9% x 6% in. Pp. 409- 
960, with 745 illustrations. 1943. Edinburgh: : 
E. & S. Livingstone. Vols. I and II, 75s. net 


the set. 


THE second volume of the third edition of this work 
is devoted to injuries of the upper and lower limbs 
and rehabilitation. It is beautifully illustrated, and 
there are many new pictures, some of which are in 
colour. 

The treatment of gunshot injuries receives special 
notice and the various methods of treating fractures 
are well set out. 

The author rightly criticizes the excessive use of 
internal fixation of fractures and the bad results of 
excessive traction. 

The important problem of rehabilitation is dis- 
cussed in detail, as is the organization of an accident 
service. 

This work is probably the most important that has 
been published during the war, for no medical man, 
either in the Services or in civil practice, can afford to 
be without it. 

The future of the medical services in this country 
may not be known, but one thing is certain, and that 
is that rehabilitation centres have come to stay, and 
every hospital will have to have its own accident 
service. 





Fractures and Dislocations: for Practitioners. 
By Epwin O. GECKELER, M.D., F.A.C.S. Third 
edition. 9 xX 6 in. Pp. 361+ x, with 320 
illustrations. 1943. Baltimore: The Williams 
& Wilkins Co. (London: Baillitre, Tindall & 
Cox). 25s. net. 


Tuis is the third edition of a useful book on the treat- 
ment of fractures and dislocations. It is intended to 
be a guide for the general practitioner who, according 
to the author, must assume considerable responsibility 
for the care of fractures. To this end he should be 
familiar with plaster-of-Paris technique ; the methods 
of traction, including skeletal traction ; and the tech- 
nique of primary wound toilet (débridement) in open 
fractures. This role of the ordinary general practi- 
tioner in the treatment of major injuries would not be 
supported by the majority of surgical teachers in 
Great Britain, where the trend is the further extension 
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of an already nation-wide system of organized fracture 
clinics directed by specialist surgeons. It is fair to 
say, however, that Dr. Geckeler sets a definite limit 
on the general practitioner’s technical responsibility 
in this field. He excludes open reduction and fixation, 
and he is an advocate of better hospital facilities in the 
form of separate fracture services, even in rural 
districts and in small hospitals. 

The book contains a readable account of the treat- 
ment of fractures and dislocations along conventional 
and sound lines. The illustrations are well selected, 
and particularly those dealing with the practical 
application of plaster and splints. The complications 
of fractures, such as vascular and nerve injuries, are 
dealt with rather briefly. It is evidently assumed that 
when these are recognized the practitioner will refer 


the patient to a more competent authority. By the © 


time he reaches the specialist, in many cases disaster 
will have overtaken the patient. The account of the 
pathogenesis of Volkmann’s contracture is out of date, 
but this is a fault of many of the larger text-books. 
The book tends to fall between two stools. It is on 
too technical a scale for the general practitioner, and 
there is insufficient detail for the fracture surgeon. 
Its appropriate place is in the library of the casualty 
department of the smaller hospitals, for the use of 
residents. 





Surgery of Modern Warfare. Edited by 
HAMILTON BAILEY, F.R.C.S., Surgeon, Royal 
Northern Hospital, London; etc. Sub-Editor 
for Medicine : C. ALLAN BircH, M.D., M.R.C.P., 
D.C.H., D.P.M., M.M.S.A., Senior Physician, 
North Middlesex County Hospital. Third edition. 
In six parts. 8? x 5% in. Part I: Section I, 
General Considerations ; Section II, Concerning 
the General Condition of thé Casualty and His 
Resuscitation. Pp. 152, with 165 illustrations, 
many in colour. Part II: Section III, Frost-bite, 
Burns, and Skin-grafting ; Section IV, Anzsthet- 
izing the Wounded; Sections V-VII, Wounds. 
Pp. 153-328, with 146 illustrations. Part III: 
Section VIII, Wounds of Blood-vessels; Section 
IX, Methods of Immobilizing the Limbs ; Section 
X, Amputations. Pp. 329-506, with 312 illustra- 
tions. 1944. Edinburgh: E. & S. Livingstone. 
15s. each net. 


THE first edition was published in 1941, the second 
edition in May and July, 1942, and now here are 
the first three parts (with three more to come) in 
1944. 

Part I deals with general considerations, e.g., the 
projectiles and engines of destruction that cause war 
wounds, as well as classification of wounds, their 
bacteriology, and the important subject of chemo- 
therapy. 

Part II has sections on frost-bite, burns of all 
sorts, with their treatment, skin-grafting, anes- 
thetics, and the general operative considerations of 
wounds. 

Part III contains three important sections— 
namely, Wounds of Blood-vessels; Methods of 
Immobilizing the Limbs; and Amputations. All 
three sections are eminently practical and written in 
clear language and lavishly illustrated The chapter 
on Amputations was the last contribution to surgical 
literature by Sir William Wheeler, who died in harness 
in September, 1943. 

There is no doubt whatever that the book is good. 
Experts in all branches have made their own contribu- 
tions, bringing up to date the best knowledge available, 
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while the Editor has put everything he had into the 
work in order to make it useful to those whose duty 
it is to care for the wounded. 





Skin Grafting of Burns. Primary Care; Treat- 
ment; Repair. By JAMES BARRETT BRowN, M.D., 
Lieutenant-Colonel, Medical Corps, Army of the 
United States; Senior Consultant in Plastic and 
Maxillo-facial Injuries and Burns, E.T.O., U.S.A. ; 
Associate Professor of Surgery, Washington 
University, St. Louis, Missouri; and FRANK 
McDowELL, M.D., Assistant in Clinical Surgery, 
Washington University, St. Louis, Missouri. 
10 X 7in. Pp. 204 + xii, with 131 illustrations, 
1943. London: J. B. Lippincott Co. 30s. net. 


No one is likely to quarrel with the dictum which 
the authors state in their preface: ‘Get the areas as 
clean as possible, as soon as possible, and restore what 
full-thickness skin has been lost with free skin-grafts ’’. 
There is, however, a point which has not received the 
attention which it deserves, and that is the importance 
of accurate early estimation of the surface area burnt, 
and the depth to whichitisinvolved. Thisis certainly 
not easy. One thing is certain, and that is that early 
estimations almost invariably err on the side of unduly 
minimizing the degree. It is a common experience 
to have to alter one’s notes at the end of the first week 
or ten days, and these alterations are always in the 
direction of expressing an increase in the degree. In 
other words, even those experienced in dealing with 
burns are apt to err in under-estimating the degree of 
a burn when it is first seen. 

The authors do not make it quite clear whether 
they favour saline dressing between baths when using 
the saline bath treatment; indeed, on page 16 they 
state ‘‘ the initial dressing may be one which is wet 
with saline or contains ointments ”’. 

Experience in this country does not favour oint- 
ments. Paraffin-soaked tulle gras is used with the 
sole object of preventing adhesions, with consequent 
damage to the underlying granulations when saline 
compresses are changed. The use of ointments 
necessitates swabbing of the burnt area to remove 
the dried crust whilst the patient is immersed in the 
saline bath. Such ointment as separates floats to the 
surface and makes a most unpleasant scum on the 
surface of the water and the sides of the bath, a scum 
which consists of desquamated epithelium, necrosed 
tissue and ointment base, which has been shown to 
be nothing more or less than a culture of hemolytic 
streptococci. 

There is no reference to the imperative necessity 
and great difficulty in keeping the bath relatively 
sterile between patients, nor to the great dangers of 
cross-infection which is ever present when this is 
neglected. Nor is there any reference to the out- 
breaks of streptococcal skin infections which can, and 
frequently do, occur on the forearms of those nursing 
patients in the saline bath. 

The chapters dealing with the actual cutting and 
fixation of the various types of skin-grafts follow 
traditional methods, except that the use of cotton 
waste (“‘ mechanics’ waste’) as a pressure fixation 
is advocated ; this certainly sounds attractive in these 
days when marine sponges are not to be had, and it 
should provide both an efficient and a cheap substi- 
tute. No mention is made of the very useful method 
of mounting the split skin-grafts on tulle gras before 
application, though for ease of fixation, speed, and 
strength, this is probably much the simplest way and 
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avoids the bugbear of split skin-graft application, 
which is curling of the margins of the graft during 
attachment by suture. 

Despite the photographs of the actual cutting of 
large split skin-grafts, this book does not give sufficient 
detail either in the text or in the illustrations to be of 
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great use to those who have not had at least some 
previous experience of skin-grafting, though presum 
ably it is for the young Service surgeon that this volume 
has been written. Indeed, it.is doubtful if skin- 
grafting can be taught by any method other than 
actual demonstration in the operating theatre. 












greatest interest for our readers.]} 


BOOK NOTICES 


[The Editorial Committee acknowledge with thanks the receipt of the following volumes. A selection 
will be made from these for review, precedence being given to new books and to those having the 
















Illustrations of Regional Anatomy. By E. B. 
JAMIESON, M.D., Senior Demonstrator and Lec- 
turer, Anatomy Department, University, Edin- 
burgh. Fifth edition. 8 x 6} in. In seven 
sections and also in bound volume. Section I: 
Central Nervous System, 50 plates. Section II: 
Head and Neck, 64 plates. Section III: Abdo- 
men, 44 plates. Section IV: Pelvis, 35 plates. 
Section V: Thorax, 32 plates. Section VI: 
Upper Limb, 42 plates. Section VII: Lower 
Limb, 52 plates. 1944. Edinburgh: E. & S. 
Livingstone. Bound volume, 75s. net. 


Orthopedic Surgery. By WALTER MERCER, M.B., 
Ch.B., F.R.C.S. (Edin.), F.R.S. (Edin.), Assistant 
Surgeon, Royal Infirmary, Edinburgh; etc. 
With a Foreword by Sir John Fraser, Bart., 
K.C.V.O. Third edition. 8% x 5% in. Pp. 
947 + xi, with 415 illustrations. 1943. London: 
Edward Arnold & Co. 4§s. net. 


The Radiology of Bones and Joints. By JAMEs F. 
BRAILSFORD, M.D., Ph.D., F.R.C.P., F.I.C.S., 
Hunterian Professor, Royal College of Surgeons, 
England, 1934-5, 1943-4; Radiological Demon- 
strator in Living Anatomy, The University of 
Birmingham ; etc. Third edition. 93 x 7} in. 
Pp. 440, with 404 illustrations, mostly plates. 
1944. London: J. & A. Churchill. 45s. net. 


Fractures of the Jaws and other Facial Bones. 
By GLENN Major, B.S., A.M., M.S., Ph.D., 
D.D.S., M.D., F.A.C.S., Pittsburgh. With chap- 
ters on Radiographic Technic by LESTER M. J. 
FREEDMAN, B.S., M.D., and War Aspects of Jaw 
Fractures by ARTHUR Dick, D.D.S., M.D. 
9? x 6} in. Pp. 446, with 225 illustrations. 
1943. London: Henry Kimpton. 37s. 6d. net. 


Plastic Surgery. By GEORGE BANKOFF, M.D., 
D.Ch., F.R.F.P.S., F.R.C.S.E., E.M.S., Surgeon, 
St. John and Elizabeth Hospital; Surgeon, 
Italian Hospital; etc. 84 x 54 in. Pp. 372, 
with 560 illustrations. 1943. London: Medical 
Publications Ltd. 30s. net. 


Emergency Surgery. By HAMILTON BAILEY, 


F.R.C.S. (Eng.), Surgeon, Royal Northern Hospi- 
tal, London; etc. Fifth edition. 8% x §$% in. 
Pp. 969 + viii, with 1039 illustrations, a large 
number in colour. 1944. Bristol: John Wright 
& Sons Ltd. 75s. net. 


Modern Operative Surgery. Edited by G. Grey 


anener, £1,.). 095Gb, MS. FE AR.CS., 
F.R.A.C.S., F.A.C.S., Professor of Surgery in the 
University of London and Director of Surgery at 
the British Post-graduate Medical School, etc. 
Third edition. In two volumes. 94 x 6} in. 
Vol. II., Pp. 1043-2236, with 559 illustrations. 
1944. London: Cassell & Co. Ltd. 55s. net. 


Surgical Nursing and After-treatment. A Hand- 


book for Nurses and Others. By H. C. 
RUTHERFORD DARLING, M.D., M.S. (Lond.), 
F.R.C.S. (Eng.), F.R.F.P.S. (Glasgow), Surgeon, 
Prince Henry Hospital, and New South Wales 
Masonic Hospital, Sydney, N.S.W. Eighth edi- 
tion. 74 X 4gin. Pp. 686 + x, with 210 illustra- 
tions. 1944. London: J. & A. Churchill. 
12s. 6d. net. 


The Essentials of Modern Surgery. Edited by 


R. M. HANDFIELD-JONES, M.C., M.S., F.R.C.S., 
Surgeon to Out-patients and E.M.S. Commandant, 
St. Mary’s Hospital; etc.; and A. E. Porritt, 
M.A., M.Ch., F.R.C.S., Lt.-Col., R.A.M.C., 
Surgeon to His Majesty’s Household ; Surgeon to 
Out-patients and Assistant Director of the Surgical 
Unit, St. Mary’s Hospital; etc. Second edition. 
93 X 6in. Pp. 1204 + xvi, with 624 illustrations. 
1943. Edinburgh: E. & S. Livingstone. 40s. 
net. 


The Arthropathies. A Handbook of Roentgen 


Diagnosis. By ALFRED DE LORIMIER, A.B., M.A., 
M.D., Colonel, Medical Corps, United States 
Army; Commandant, The Army School of 
Roentgenology, Memphis, Tenn. 8 x 5% in. 
Pp. 319 with 678 illustrations. 1943. Chicago: 
The Year Book Publishers Inc. $5.50. 
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